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FOR MCNP4B 

Abstract: 

The focus of this effort was the integration into MCNP*(ref. 1) of the ITS3.0(ref. 2) radiative and 
collisional stopping power (refs. 2 and 3) and bremsstrahlung production model (refs. 2,4,  17, 
and 18). The integration was achieved with the development of a patch to MCNP4B and a new 
electron physics library database, e13w (like ell). SQA of the patch and database are still ongoing. 
However, improvements in the stopping power model and bremsstrahlung model are presented. 
Moreover, in the process of successfully achieving this goal several other related (bremsstrahlung 
angular distribution models) or otherwise unforeseen problems (electron step-size artifacts or 
thick target bremsstrahlung production problems) were identified and unfortunately not solved yet 
since they involve much more work. Several bugs have been found and eradxated. 

Overview: 

The memo is organized as follow: 

0) Background 

1) e13w database. the new database library 

2) code modifications for new a1,gorithms to use the new database and other 
enhancements 

2a) radiative stopping power 

2b) bremsstrahlung production 

2c) density effect 

2d) relaxation 

2e) variance reduction 

*MCNP is a trademark of the Regents of the University of California, Los Alamos National Laboratory 
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2f) bug fixes 

3) verification 

3a) ITS stopping powers 

3b) ITS cross section comparison 

3c)Impiications 

4) preliminary validation based upon Gierga and Adams 

4a) comparison with Faddegon for bremsstrahlung production 

4b) depth dose in water 

5 )  future work 

Background: 

In order to perform radiography analysis, accurate transport models are required to define the 
bremsstrahlung source and contamination in the object. Several authors (refs. 7 - 10, this is list is 
not meant to be exhaustive nor definitive) have examined the accuracy of various bremsstrahlung 
models in transport codes (MCNP', ITS2 and EGS'). From these studies, possible deficiencies in 
MCNP were identified and sought to be corrected. As an example of the results found, figure 1 
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Figure 1 : Bremsstrahlung Spectra for 15 MeV electrons on Lead. 
Calculation (MCNP) and experiment (Faddegon) 
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displays the bremsstrahlung spectrum for 15 MeV electrons on lead calculated with MCNP4B 
and measured by Faddegon where spectral variations at low energies are present. Moreover, the 
electron physics package in MCNP is based mostly on ITS 1.0 (ref. 6 )  physics with an upgrade to 
ITS3.0 physics for the calculation of energy loss straggling and calculation of the ionization 
potential. A more complete upgrade would be desired to include more of the ITS3.0 package and/ 
or the database from ref. 1 I., 

e43w data base 

'The previous electron evaluation database was stored in library file, el 1. Essentially, 
this file was a partial rewriting of the ITS I .O xdata file into a format suitable for reading by MCNP 
(ACE format.) The initial few words of each data block for a particular 2 were peculiar to MCNP 
but otherwise it just reformatted the data to be read by subroutine getxst for use in the subroutine 
xsgen with appropriate offsets. As far as 1 was able to determine there was no processing of the 
data only rewriting. 

Following this philosophy, a code was written to extract and reformat the desired 
portions of xdata from I'TS3.0 and generate the new library file e13w. The code for doing this 
reprocessing is presented in Appendix A arid is available on cfs. The code represents an evolution 
of what the database needed from its progenitor and could still further evolve. 

explanation of their use. Table 1 lists the nxs array entries, These are mostly lengths of blocks of 
data, However, nxs(l6) now has special meaning and is a flag for using the new its3.0 data and 
algorithms. Table 2 lists the jxs array. Finally, the crux of the puzzle is the contents of the exs 
array which is presented in Table 3. 

fable 1 : nxil array 
exposition 

The following tables are the list, of data pointers used in e13w and el 1 and some 

ell 
P 

nxs e13w -- 
length of xss data set 

number of radiation stopping 
power interpolation points 
number of mott scattering 
cross section corrections 
number of electron energy 
points for bremsstrahlung 
interpolation 
number of photon1 ratio point 
for b re m ss t ra t-i I u n g 
in te rpalation 
unused 

z 
length of xss data set 
z 
number of radiation stopping 
power interpolation points 
number of mott scattering 
cross section corrections 
number of bremsstrahlung 
interpolation points 

number of bremsstrahlung 
interpolation points 

unused 
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Table 1 : nxs array 

exposition 
nxs e13w e l l  
a 
9 

1 0  

11 

12 
13 
14 
15 
16 

unused 
number of interpolation 
points in the bremsstrahlung 
database for bremsstrahlung 
spectrum calculation 
number of interpolation 
points in the bremsstrahlung 
database for angular/energy 
calculation 
number of ascillator points 
for density effect calculation 
unused 
unused 
unused 
unused 
3 

Table 2: jxs array exposition 

unused 
unused 

unused 

unused 

unused 
unused 
unused 
unused 
unused 

ixr e13w el l  
1 1 (offset for line data) 

6 

7 

8 

9 

off set for radiative stopping 
power numbers 
offset for Mott cross section 
corrections 
offset for Riley cross section 
evaluation 
offset for ITS3.0 
bremsstrahlung production 
database 
unused 

offset for internally calculated 
Riley cross sections 
offset for internally calculated 
functions of 2 
offset for photon energy 
ratios 

same 
same 

same 

same 

offset for ITS1 .O 
bremsstrahlung production 
database 
bremsstrahlung production 
database 
same 

same 

unused 
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Table 2: jxs array exposition 

jxs e13w ell 
1 0 offset for photon energy ratio unused 

for angular distribution 

_I 

11 offset for oscillator unused 
descriptions for density effect 
calculation 

Table 3: exs array exposition 

e13w e l l  
K edge b e x w  which no 

I 1- 

€?XS 

jxs(l 1 K edge below which no 

jxs( 1 )+1 

jxs( 1 )+2 

jxs( 1 )+3 

jxs(2) 

jxs(2)+nxs(3) 

jxs( 2)+2* rixs (3) 

jxs(3) 

jxs(3)+nxs(4) 

jxs( 3)+2*nxs(4) 

jxs(3)+3*nxs(4) 

jxs( 3)+4.*nxs( 4) 

electron induced relaxation 
will occur (renamed for 
persistence edg) 
huger electrcm emission 
energy (renamed for 
persistenc:e (seh) 

unused 
ZEK-2EL 

unused 

energy points far radiation 
stopping power interpolation 
corresponding normalized 
stopping powers 
corresponding electren- 
electron b re msst ra h 1 u ng 
correction (q:) 
energy of Matt scattering 
correction points 
h(8) from eq. (A35) of ref 1 at 
e=o 
h(t3) from sq. (A35) of ref 1 at 

h(8) from eq. (A35) of ref 1 at 
Q=d2 
h(8) from eq. (A35) of ref 1 at 
e - w 4  

e-n/4 

electron induced relaxation 
will occur (renamed for 
persistence edg) 
K-x-ray or Auger electron 
emission energy (renamed 
for persistence eek) 

transition point for 
bremsstrahlung extrapolation 
model 
transition point for 
bremsstrahlung extrapolation 
model 
energy points for radiation 
stopping power interpolation 
corresponding normalized 
stopping powers 
unused 

=EK 
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Table 3: 8x9 array exposition 

jxs( 3)+5*nxs(4) 

JW4) 
jxs(4)+1 to jxs(4)+14 

repeated 8 more times 
Jxs(5) 

exs e13w ell 
h(8) from eq. (A35) of ref 1 at 
e=% 
energy of riley set 
riley scattering cross section 
parameters at that energy 

jxs( 5)+nxs( 5) 

ixs(8) 
jxs( 8)+ 1 
jxs(8)+2 

jxs( 1 0) 

electron energy values for 
interpolation for 
bremsstrahlung cross 
section nxs(5) values 
photon energy ratio values 
for interpolation for 
bremsstrahlung cross 
section nxs(6) values 
values for interpolation for 
bremsstrahlung cross 
section nxs(5)*nxs(6) values 
unused 

used for riley cross section 
evaluation (21 60 float words 
long)a 
various powers and functions 
of Z and A ( I O  floats iong, 
though only three are used 
as below)* 

em 
2'/3 

a*( 1 ./( 1 .+Zt)+.20206- 
d'( .0369-~f'( 0083-a'. 002))) 
where zf-(Z*a)**2 
ratio values of photon energy 
over electron energy for 
bremsstrahtung spectrum 
calculation (renamed for 
persistence rkt) 
ratio values of photon energy 
over electron energy for 
bremsstrahlung angular 
distribution calculation 
(renamed for persistence 
rka) 

energy values for 
bremsstrahlung interpolation 

cross section values for 
interpolation 

unused 

energy values for 
bremsstrahlung interpolation 
cross section values for 
interpolation 
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‘Table 3: exs array expodtion 

@XS e13w e11 
jxs(l  I j- *11 number a?jiectrons in each 

- (< 0 stghifyinft 

- 
revel (oceupati 

iisacl as f, = n , a .  

oscillator strength or binding - 
onergy of the level, vi. 

jxs( 1 1 )+nxs( 1 1 ) 

a. This explalnlg-the 21 70 (21 604 
“- -rY. 

Unfortunarely, theelectron side: 
cross section data and storing it. That is for 
and very few arrays are “hard 

its own peculiar way of dealing with its 
tra-rt data is stored in the xss arrays 
manif&t ia the evaluation. (An example 

tion data.) &forewers 
xpunging; the exs data is overwritten 

since the relevant physics data has been processed and then stored in various arrays. As such, we 
have found that even though the electron portion of MCNP seems like an ideal candidate to 
become a “module”, it has intersperced its memory management throughout the code. 

The problem is simple, the physics data is stored in the database as a reduced set of 
data over a range where interpolation is valid while it is used in transport on a much finer or at 

For the new databaht  

constrained to paratneteriz 

listed and explained in the following 



distribution 
x-5 

-8- 

‘q 

April 27, 2000 

energy grid for detailed brems 
angular distribution 

mpng number of photon angular bins 21 21 
mbng number of possible photon to 51 Unused 

electron ratio values from the its3.0 

* These parameters have corresponding variables, ntop, nwng, nstp respectively, to 
toggle between databases. 

Code and AIgorithm Modifications 

The patch to achieve these changes is presented in Appendix B. 

.. 2a) Radiative stopping power. 

The ITS3.0 database has a more recent evaluation of the radiative stopping power. To 
use the evaluation in the code required a few small changes since the effect of electron 
bremsstrahlung has been included in the database. The stopping power is 
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The database originally contained a table of energy and Qrad with the assumed value 
.. ” 

of unity for the electron bre ;- The dew eval 
table of energy and <Drad 

e .  

2b) Bremsstrahlung production 

The brems product database has been extended to cover a larger range of photon 
energies. The photon energy from a bremsstrahlung event is specified in te 
incident electron; the rarige of ratio values is from one to 1Qm6 for the e13w 
range was from 0.9999 to lW3. The following table gives the ratio values$oc$oth databases. 

1 

.025,.03,.035,.04,.045,.05,.055,.06,.07,.0~,.09,. 1 ,. 125,. 15,. 175, 

2, .25, .3 ,,35 ,.4, .45, .5 ,.S5,.6,,7,. 8 ,.9,.9999 

e13w: 

rkt=0.0000Q 1,0.00000 15,0.ooocK)2,0.000003,0.000004,0.000005, 

O.OoooO6,O.oooO8,O.oooO 1 ,O.o(OOO 15,0.00002,0.oooO3,0.00004, 

0.oooO~,0,oooO6,O.oooO8,0.ooO 1 ,O.OOO 15,0.0002,0.0003,0.0, 

0.0OO5,0.oO06,0.OOO8,0.OO 1 ,O.oCn 1 25,O.OO 1 5 ,O.OO 1~5,0.OO2,0.OO25, 

0.009,O.O 1 ,O.O 125,O.O 15,O.O 175,0.02,0,025,O.03,0.035,0.04, 

0.045,0.05,0.055,0.06,0.07,O.O8,0.09,0.1,0.125,0.15,0.175,0.2, 

0,225,0.25,Q.275,0.3,0.325,O.35,0,375,0.4,0.r125,0.45,0.475, 

0.5,0,525,0.55,0.575,0.6,0.65,0.7,0.75,0.8~0.~5,0.9,0.95,0.97, 

0.99,0.995,0.9995,1.0 

The production of bremsstrahlung from an electron of energy, E, is determined by 
numerical or analytic integration of the cross section over the above specified ranges of photon, 



distribution 
x-5 

- 10- April 27, 2000 

energy ratios. Chosing the best cross section for all enetgies is  qv-tsivid 
the years*. For the el 1 database, most of the prHuction qm 
Motz (ref. 15 and refered to as K&M hereafter) with some 
the photon phase space near where the photon 
incident electron energy.) Berger anb-Seltzer 
cross sections should be used ovet varioug energyrahges. The ell. database follows that 
evaluation except for not using the Schiff formula ( 

d from Koch and 
*e “tip” (the “tip” is 

remdy #@rwWcQ&&ed@ has nearly all the 
6) describe t&g best evJuation of which 

, .5 %< 3iic + -  %- 

In the e13w evaluation or database, the production cross section forbremsstrahlung 
photons and energy spectra are from the evaluation by Seltzer and Berger (refs 2, 17, 18 and 
refered to as S&B collectively hereafter). We summarize the salient features of the evaluation 
below; more details em 6e f6md in the evaluators’ documentation. The evaluaion uses detailed 
calculations of the electr 
below 2 MeV and above 
and collaborators, based o 
and above, the analytica 
and is supplemented by the Elwert Coulomb (ref. 26) correction factor and the theory of the high- 
frequency limit or tip region given by Jabbur and Pratt (ref. 27). Screening effects are accounted 
for by the use of Hartree-Fock atomic form factors (ref. 25). The values between these firmly 
grounded theoretical limits are found by a cubic-spline interpolation as described in refs. 64 and 
S2, Seltzer reports good agreement between interpolated values and those calculated by Tseng 
and Pratt (ref. 21) for 5 and 10 MeV electrons in aluminum and uranium. Electron-electron 
bremsstrahlung is also included in the cross section evaluation based on the theory of Haug (ref. 
24) with screening corrections derived from Hartree-Fock incoherent scattering factors (ref. 25). 
The energy spectra for the bremsstrahhng photons are provided in the evaluation. Finally, the 
comparisons with experiments presented in S&B indicate the validity of their approach**. 

In summary, then, the calculation of the production cross section for bremsstrahlung 
is given by numerical integration of various formula which reflect the best evaluation at the time 
of the bremsstrahlung process. For ell, this integration is done in the code and most of the 
formula are related back to the review of K&M, while for e13w, the integration and any 
corrections are done in the evaluation. Consequently, all of subroutine brem had to be rewritten 
for the evaluation of the bremsstrahlung cross section, pbr, spectra, eba for e13w. The new 
algorithms for the e13w database are derived from the ITS code which presumably reflect those 
authors’ recommended interpolation schemes and have been incorporated in brem since the pbr 
and eba arrays are used for the calculation of thick target brems. . 

*We quote from Seltzer and Berger, “Many theories of the bremsstrahlung process have been 
developed, each with its own approxitmations, limitations and regios of applicability. To 
obtain accurate cross sections over a wide range of conditions. it is necessary to combine. 
and to interpolate between, the results of several theories.” 

The validation problems discussed later will eventually be augmented to include this set. ** 
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The detailed angular distribution calculation has been modified onlyin so far as the 
resolution of the energy grids has bee@-rrrore refined. For el I ,  the &gular distrihtion was 

calculated for electrons with energie with n bein er. (Recall that 

electron transport parameters are ealculiated on an energy grid with En = - max ,) For e13w, 
, n / 8  

E m ax + 
&2 

E ,  u - - . Moreover, for ell the photon ratios used every other raticrvaiue in the production 
u 

evaluation. For e13w, [he ratioslwc read fi-pp th 
(Presumably every othe~could’bs used f6k e13 
does.) ’The angular 
K&M using these ele 
modifications to subro 
2BS is used in the a 
used from ref. 16. It might be speculated that this may account for some of the differences seem 
between EGS and MCNP. 

In MCNP, brems production is sampled along an electron substep, The probability of 

, with the number of events being sampled --CbrernS an eve,nt(s) occurring in a distance 8 is 1 - e 
from a Poisson distribution. If the probability of an event occurring is small, then only the first 
non-zero term in the Taylor expansion of the probability is kept and used to sample if one and 
only one event has occurred. This is the procedure used in MCNP for ell. For e13w, the sampling 
has been modified to sample from the Poisson distribution so that zero, one or more events could 
occur, though two or more are extremely infrequent. The electron’s energy is decremented after 
each event and used to scale the energy of the photon from the next event. This procedure is 
consistent with the method employed by ITS3.0. 

2c) Density Effect CorPectioii 

The stopping power has a correction term to account for the polarization of the media 
through which the charged particle passes. Stemheimer, Berger and Seltzer (ref. 14 and refered to 
as SBS) have given a method to calculate the density correction in ref. sbs in terms of the plasma 
frequency of the media, the oscillator strengths and occupation numbers given by Carlsson (ref. 
28), and the ionization potential of the media. The method finds an adjustment factor, p, which 
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gives the ionization potential for the media at the specified density from their eq. (10) where I is 

nrtal of the medium (consistent with the prescriptions of ref.*;sO), h is Planck’s , 
vi is the oscillator frequency of that level, vp id aetion of electrons at t 

and n is the number desnity of elect 

ine deal using a newton search methad; 
aterials the n e w n  s&uch;method may fail and the codtpv#U issue a warning 

ndamental theory of the 
utine den2 to calculate the 

dens&qffect correction as specified by Eq. (3 in s 

“I - - .  

where 13 = [ $ f i  + { yr) and for conductors the nth level has, I,” = f,, and the parameter, 1, is 

the solution of eq. (6) of sbs. . .  

Previously, MCNP used the published empirical fit formula of Sternheimer and Peierls (ref. 15). 
The method described in sbs is an improvement upon the sp fit formula as discussed in sbs. 

For the sbs treatment, the conduction state of the material is needed which is specified 
with cond=O for a non-conductor, and cond=l for a conductor; any non-conducting isotopes in a 
conductor are handled as non-conductors. The user can specify this on the m card with the 
keyword cond. The code will provide defaults which the user can override for the specification of 
a non-conductor with cond=-1 on the m card. The scheme is: 

initially - cond=O (nonconductor) 

in ronge - 

.. 
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check if all isotopes are conductors and set cond=l if cond=O 

check that there is at least O m  conducting isotope is present if cond=l, if not set 

i f  cond==- 1 override any prior decision on the conduction 

The density effect calculation has a problerri for materials of a single element or 2 but 

cond=0 v i  

4 4 -  - conductor cond=0. 

speicified with multiple isotopes or ZADs. This is traced to the implementation of Eq. (10) of 
sbs and the ionzation sum rule of ICRU 37 (ref. 10). ITS has changed that implementation 
slightly. Making it consistea with the above rules and such that the same answer is obtained 
regardless of isotopic specification worsens the verification discussed latet: We note this as a 

atom to relax after und 

an Auger electron with energy exs(jxs( I)) which has been stored in eek for that material. If the 
source of ionization was an electron thew if the atom fluoresces the photon will have only an 
average 1C energy given by eek; Auger transitions are treated the same. Under many 
circumstances. these approximations woulcl not be too conflicting. However, there is an 
inconsistency, that fhoresceni radiation will be emitted with different lines. To remedy the 
inconsistency, relaxation from an ionizing event has been combined .into a single subroutine, 
flaug, called by either colidp or kxray as needed. Most of fl aug is similar to the relaxation code in 
colidp except for mostly bookkeeping changes needed to accommodate calls from kxray. The 
only other physics change needed In flaug for a call from b r a y  is that the atom is required to relax 
either through an Auger transition or fluorescence; for a photoionization the atom is not required 
to Auger or fluor (presumably it relaxes through lower energy transistions neglected in our 
models.) The arguments of flaug are the energy of the ionizing quanta, the photon energy for a 
photoionization or max K shell eneegy, edg' 1 .OOO 1 (1 .OOO 1 prevents any round-off problems), the 
isotope undergoing the interaction (the highest Z isotope for kxray), the material identifier, and a 
flag for electron oe photon ionization event. 

Since, eek is not used any longer as the energy given to etther a kxray fluor photon or 
Auger electron, its value has been lowered to the more probable value (used in the POEM code of 
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ref. 30 and derived by inspection from ref. 3 1) of EA = E- - 2 EL as compared to the previous 

value of E, = Ez and is used only to give the value of Auger transition electron. 
K 

This model is still quite crude and approximate though no longer inconsistent. Further 
improvements will be discussed later. 

2e) Variance reduction 

The variance reduction discussed in this section pertains to brems production only., 

1)  bbrem 

Bias the brem photons produced toward higher energies. 

2) bnum 

Produce bnum more photons. 

There are two vr techniques for brems production: 

For e13w, the format of the bbnm card has not been changed to allow for backwards 
compatibility. The entries on the bbrem card are mtop-el149 biasing numbers for the production 
of photons followed by cell numbers where the biasing will be applied. For e13w, the number of 
relative photon energy bins is larger so to allow compatibility with the previous bbrem card, the 
biasing probabilities over the low energy photon bins from the card are linearly interpolated over 
the low energy bins in e13w. 

In MCNP, when bnum was invoked on the phys:e card, bnum identical photons were 
generated from a brems event with wgt=wgt/bnum. For photon thin problems, such a biasing 
scheme is not effective and for thick problems, it may be of only marginal help. The more 
common method (refs. 32 and 2) is to sample the production distribution bnum times using the 
same reduced weight for each photon. The sampling is done in a do loop bnum times over the full 
Poisson sampling of events. Note for bnumcl, the sampling of energy loss is done once but 
photons may or may not be produced based on bnum+rang() being zero or one. The sampling of 
several different photons with reduced weights has been shown to be more effective in photon thin 
problems (Gierga and Adams). There is a question as to how to deal with the energy loss from the 
more numerous and different pseudo events. For bnurm0, the first sampling of the photon(s) 
energy is used to calculate the energy loss. For bnumd, the average of all photons produced is 
used to calculate the energy loss. The first method does not conserve energy, but more properly 
gives the straggling contribution of radiative energy loss. The second method more nearly 
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conserves energy and gives the CSDA energy loss more closely at the expense of the straggling. 
The latter method was the one used by C k g a  and Adams in their report, 

generated must be controlled; secondary electrons take up most of the time in transport 
calculations. Controlling the number of secondary electrons generated is done with the enum 
entry on the phys:e card, The default has been one regardless of the value on the bnum card. This 
has been changed to scale the production down by the inverse of the number of photons produced; 
enum= l/bnum. The user cart override this default setting. 

Finally, for any bnum scheme to be effective the number of secondary electrons 

Another vr  scheme suggested by R. A. Forster is to have a brems occur on each 
substep. This scheme is done when the tenth entry, numb, on the phys:e card is non-zero. On each 
substep only one photon is produced with weight equal to the probability of an interaction on that 
substep. If this was a real interaction, then the energy loss is calculated and applied to the electron. 
The subsequent photons generated in the Poisson sampling are given the nominal, unreduced 
weight. In this scheme, enum is arbitrarily set to 1%. 

2 f )  Bug fixes 

The primary bug has to do with how the electron (charged particle) algorithms handle 
materials described with isotopic decomposition. The ionization potential has a factor of 1. 13 
applied to it when the material is a mixture of different elements. However, a pure material, i.e. 
composed of one type of atom, may be described with its isotopic decomposition and erroneously 
have the factor of 1.13 applied to the potential. To correct this each isotope is checked to see if its 
Z is different, if not the factor of 1.13 is not applied. Clearly, more work needs to be done here, 
since trace elements may be included which should not effect the ionization potential. 

This isotopic decompostion bug also appears in the new density effect calculation. 
The fit parameter calculated from Eq. (10) of sbs is different for single zaid and composite zaid 
materials. This is because when Eq. (10) is calculated in den1 it uses a different elemental 
weighting scheme than used for the calculation of the ionzation potential. Since we obtain 
excellent agreement with ITS on materials, we note this discrepancy; it is usually an error of 
0. I%, though can be larger. 

atom fraction of the first highest Z isotope is used. If several isotopes of the same 2 were present, 
then the probability is too low. This has been corrected to use the sum of the atom fractions of all 
the highest Z isotopes 

Turning off kxray production. was not done when xnum=0 on the phys:e card. The test 
has been changed from “,gt.” to “.ge.” in subroutine xsgen. Moreover, there appears to be a special 
treatment for xnurnC0 where the probability, d, of b ray  production for an electron is calculated 
for the electron till it has gone below cutoff. This would be the probability of kxray production 
over the full electron range. For xnum4l the probability is scaled by IxnumVd. This treatment of 
biasing raises a point of discussion related back to the bnum treatment. 

Another related bug is in the determination of the kxray production probability. The 
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3) Verification 

There exist no analytic problems against which to verify the correctness of the physics 
or variance reduction models implemented in the code. However, since the database for stopping 
powers and bremsstrahlung cross sections has been adapted from an existing code system, ITS3.0, 
verifying the correctness of the implementation will be obtained by comparing to that code 
system. 

3a) Stopping powers 

Stopping powers are calculated and printed in the MCNP print table 85 and in the 
output from ITS code xgenp. Relative differences in ionizing and radiative stopping powers 
normalized to the ITS values for Z=1 to 92 over the energy range of 1 keV to 1 GeV are presented 
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in Fig. 2 (ionizing), Fig. 3 (density effect), Fig. 4(radiative). Generally, the agreement is to four 
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Figure 2: Relative differences be tween ionizing stopping powers from ITS3.0 
and MCNP4B (4B) arid ITS3.0 and MCNP4BNU (NU) all 
normalized ta ITS3.0 for Z=l to 92 from 1 keV to 1 GeV. 

Figure 3: Relative differences between density effect corrections from ITS3.0 
and MCNP4B (4B) and I'I'S3.0 and MCNP4BNU (NU) all 
normalized to ITS3.0 for T s l  to 92 from 1 keV to. 1 GeV. 
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Figure 4: Relative differences between radiative stopping powers from ITS3.0 
and MCNP4B (4B) and ITS3.0 and MCNP4BNU (NU) all 
normalized to ITS3.0 for Z l l  to 92 from 1 keV to I GeV. 

significant figures and this level of agreement is satisfactory since the fundamental constants and 
atomic weights in ITS are slightly different from those in MCNP. The only problem material is Pu 
where the ITS atomic weight is significantly different than MCNP (and most standard tables.) 
Changing the atomic weight and modifying the constants in MCNP cause the stopping powers to 
be in agreement to four significant figures. 

The stopping powers for materials was also verified. Using the materials of ICRU 37 
and a few . .  extra to span composites of a wide range of Z’s, the same comparisons were clone. 
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?gure 6 shows the 

Figure 5:  Relative differences between ionizing stopping powers from ITS3.0 
and MCNP4BNU all normalized to rTS3.0 for a wide range of 
materials from 1 keV to 1 GeV. 
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Figure 6: Relative differences between density effect from ITS3.0 and 
MCNP4BNU all normalized to ITS3.0 for a wide range of materials 
from 1 keV to I GeV. 
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density effect correction comparison arid Figure 7 shows the radiative stopping power 

Figure 7: Relative differences between radiative stopping powers from ITS3.0 
and MCNP4BNU all normalized to 1TS3.0 for a wide range of 
materials from 1 keV to 1 GeV. 

comparison. Once again the results are all !within four significant figures except for a spike in the 
density effect calculation. This spike was for a very small correction which was near zero for both 
codes and so does not represent any significant problem. 

spectrum array, eba, and detailed angular distribution array, ech, are printed to separate files for 
debugging and verification purposes, H. G. Hughes mairitains a version of the ITS3.0 code system 
where these arrays are printed to output files from the ITS3.0 cross section generating code xgenp. 
For all the elements for Z= 1 to 92 and over the energy range of 1 keV to 1 GeV, the average 
relative error in the “pbr” array is 1W6, in the spectra, 1V6, and in the angular distribution array, 

The maximum for pbr is 1U’. For the “eba” array, the maximum relative difference is 
and is in the first bin which is typically a small number. For6c5he maximum relative difference 
is I O 2  again for the same reason as for eba. Since the X‘TS3.0;ode has changed the angular 
distribution calculation only(&&kti&d@, we have not changed our routine yet. Though it is 
recommended that these chang& b i  made when the angular distributions are revised since the 
coding is more readable and easily related back to fundamental equations. Such revisions would 
make the inclusion of 2BS in the sampling scheme more straightforward. 

ITS3.0. The sampling algorithms are in agreement except for the sampling of the angular 

, 

In the patch, the bremsstrahlung production cross section array, pbr, the energy 

The patch also uses an adapted cubic spline fitting routine in correspondence with 
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distribution. The patch includes what is needed to obtain exact ITS agreement though either 
method is valid. 

The e13w bremsstrahlung cross sections stored in the pbr array are displayed in figure 
8. The same array for el 1 is also shown in figure 8. The curves are significantly different. Part of 

Figure 8: Bremsstrahlung production cross sections (pbr array) from MCNP4B 
(4B) and MCNP4BNU (NU) for Z=l to 92 from 1 keV to 1 GeV. 

the difference, as noted above, is that the e13w database and the el 1 database have different lower 
limits of the photon energy for which the cross section was calculated. Symbolically, pbr for an 
electron of kinetic energy, T, is given by the following equation where the minimun photon energy 

T 
da p b r ( T )  = Z d k  

is kmin. Moreover, knowing that the eba array is the cumulative probability of producing a 
photon with energy between fl and kmidT', a scaling relation between the pbr arrays of the two 
databases would be 
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where eba(O.OO1) is the value of the eba at that ratio. ’Thus a fairer comparison is between a 
scaled pbr for e13w and el 1. Figure 9 shows the relative difference between the scaled e13w and 

Figure 9: Scaled Bremsstrahlung production cross section relative differences 
between MCNP4B and ‘MCNP4BNlJ for 2 5 1  to 92 from 1 keV to 1 
GeV normalized to MCIVP4B. 

el 1 normalized to el 1. For low energies the: differences are quite large and show that el 1 had a 
very large low eneriy electron bremsstrahlung cross section. 

At this level the algorithms for stopping power calculation and the bremsstrahlung 
production cross sections have been verified for all the elements and many representative 
materials over the energy range of 1 keV to 1 CeV. This level of verification meets or exceeds the 
verification standard of ell and MCNP4A. 

Implications: 

Several problems have been sug,gested that show that the ell model needed to be 
updated& Some: of the problems still persist, however, improvements have been made. We have 
considered three energy ranges of problems for geomeuies similar to nominal converter foils. 
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The first is a low energy problem suggested by Newton Scientific. 20 keV electrons 
are normally incident on a 0.001cm W foil. The bremsstrahlung spectrum is tallied. Figure 10 

*'4 
I 

- , . . . .  . . I . . . . . .  ' . . l . ' . ' . . ' . 1 1 . . . . ' . . . 1  

0.1 1. 1.5 a. 
oaaruy (u+) 

Figure 1 0  Bremsstrahlung spectra for 20 keV electron incident on 0.001 cm of 
W calculated with MCNP4B (nsi4br) and MCNP4BNU (nsir). 

shows the spectrum calculated with 4bnu (the patched 4b which passed all the MCNP test 
problems) for the ell(4b in the plots) and e13w (4bnu in the plots) databases. The differences are 
quite large. In fact the 4b appears to have the M lines which of course it cannot. The 4bnu result 
is much less intense and more consistent with the NSI ITS calculation. 

Higher in energy J. V. Siebers proposed a simple machine head model of a W/Cu slab. 
6 MeV electons are normally incident. He has noted that the bremsstrahlung yield downstream 
depends on the maximum energy of the spectrum. We have not addressed that problem yet but 
note that it also apparent in the ITS codes. Table JV shows the results of a calculation for that 
problem with two choices of EMAX (the first entry on the phys:e card). The total bremsstrahlung 
generated from the summary tables shows a 0.12% difference which is beyond the statisitical 
bounds one would expect. The tally which scores the forward yield about a lm from the converter 
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packs show a much larger variation. Even 4bnu has not answered this problem, however we do 
see that the yield is more forward directed by about 1%. Another implication apparent in this 
problem is inconsistency of the relaxation spectra as seen in Figure 1 1  where 4bnu has removed 

fi ls  jvsalblr .I-- tally 11 

------% 

0 
d 

mcnp 4 bnu 
0 3 / 2 6 / 9 9  1 6 : 4 5 : 0 1  

t a l l y  11 

0 
npr r O O O O O O  
bin nomad 
nmtpa - j v r a l b l r  

dump 9 

L surfacm 

d f1ag/dir 1 
U U8.2 1 

8 S a W B t  1 

m mult 1 

a corino I 
a anmrgy * 
t ti- 1 

jv8a4blr 

1 

Figure 1 1: Bremsstrahlung and line spectra calculated with MCNP4B (jvsa4b Ir) 
and MCNP4BN.J (jvsalr). The anomalous line has been removed in 
the e13w/4BNU calculation. 

the aeornalous line at 60.69 keV 

EMAX=I OCI EMAX=8 - I_. 

code 
mcnp4b 
bremsstrahlung 416322998 4.1623E.tOO 41551441 4.1551E-eOO 

mcnp4bnu 
b rernsstra h I u ng 41 362833 4.1 363E+00 41 283862 4.1 284E+OO 

II 

tally in forward corle 5.29151 E-02 0.0014 5.1 5433E-02 0.001 4 

tally in forward corm 5.3542712-02 0.0014 5.21 91 7E-02 0.001 4 
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Finally, at high energies, A. E. Schah von Wittenau suggested a typical converter foil 
0.1 cm of W with 85.0 MeV electrons normally incident. The spectra calculated with the two 
different databases are presented in Fig. 12. The e13w (not labeled asvw4br) results are all 

f i l e  arwvlbr --- ii 

0 

Figure 12: 
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Bremsstrahlung spectra calculated with MCNP4B (asvw4br) and 
MCNP4BNU (others) for 85 MeV electrons incident on 0.1 cm W. 
Various variance reduction methods were tested giving nominally the 
same results. 

smoother than the ell. The notches in the 4b calculation are probably due to non-smooth model 
transistions; 4bnu by definition is immune to such artifacts. All these problems except for asvwO 
were run with some variance reduction. asvw 1 has the new bnum biasing, asvwe is the same 
except W is made of it isotopic constituents, asvwn uses the numb biasing, asvw4b uses the old 
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bnunr scheme. Fig 13 shows the spectra calculated with bbrem being used for asvw 1 (labeled 

Wau 4 bnu 

03/26/99 11;34:25 

tally 11 

U 

nV 8 14000000 

b i n  normed 
m t p e  - aivw0r 
dum0 11 

1 f iurfaco 
1 d flag/dir 

U u8.r 1 
1 I i.OMnt 

m mult 1 
1 c cosin. 

anmrgy 

t tima 1 
a8rrOr 

----..---- a.rr1.r 
~ _...__ a8-r 

40 60 10 LOO ao 
umrw (-1 

Figure 13: Bremsstrahlung spectra calculated with MCNP4BNU for 85 MeV 
electrons incident on 0.1 cm W with no variance reduction (asvwOr) 
and bbrern used in conjunction with new bnum biasins (asvw lar) and 
numb biasing (asvwnw). 

asvw la) and asvwn (labeled asvwna) and asvw0. The impact of bbrem biasing has introduced no 
artifacts when used in conjunction with other biasing. It is amusing to note on this particularly 
thin problem, the largest fom was for no biasing. 

Validation: 

GiergdAdams provided a very large suite of validation calculation templates. Due to 
budgetary limitations this set was not expanded. Nor have all the templates been run, only a few 
of the bremsstrahlung sensitive ones have been exercised. The results follow. Appendix C 
presents tables of same of the plots for more detailed comparisons. 
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Beryllium 
Cornpariron at 48  and 4BNU for variour ta111e~ from OlergdAdamr 

3 

48  cell 
48NU Csll 
4 0  Detector 
4BNU Detrctor 

Beryllium 
Comprrloon of 46 rnd 4ENU for vrrlouo trllleo from GkrgdAdrms 

100 



distribution 
x-5 

-29- 

Aluminum 

April 27,  2000 

Comparlson of 48 and 48NU for various talllea from OiergrdAdams 
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Selected spectra comparisons with 4BNU labeled with the suffix “n” and 4B “m” 
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fil. p b d a t u  --- tally 4 
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To facillitate merging this patch with the evolving MCNP4C, several test problems 
have been generated. They fall into two classes. One set are the ones derived from the previous 
4B test suite which were selected if they used the ell database. This set consists of problems 04, 
08, 10, 11, 20,21, 22,23, and 29. For problems 23 and 29, longer runs were done to assure that 
the test problems were giving reasonably assured results. A variant of 08 is included to assure 
that the code crashes and fails to run for mixed databases; this should not be allowed to be 
overcome with a fatal option since the results will probably be gibberish. 

relatively straightforward “implication” validation set. inp30 and inp3 1 are derived from the high 
energy set. inp30 assures that the new bnum sampling is being done as expected with the bbrem 
card. inp3 I checks the numb option for brerns vr. inp32 is derived from the low energy problem 
with just fewer histories being run. It assures that the low energy portions of the database are 
being used as expected. 

platform dependencies, however the test problems are easily checked with the converged results 
generated on Openblue. 

The second set focus on the new features mentioned above and are derived from the 

These test problems have exercised by D. Court and myself. Needless to say there are 

Future work and conclusions: 

The patch and database provide an improvement in the physics modelling of electron 
transport in MCNP. Comparisons with the progenitor code shows excellent agreement with 
calculated or derived quantities. Improvements in performance were illustrated with three sample 
problems. Comparisons with validation runs show improvement, albeit on the 1% levei (as one 
might say the orginal developers did very good work so it is hard to improve it.) Several lessons 
have been learned from this effort on how new databases should be merged with the code. As 
such the original electron patch was a bandage and the current patch retains several of the 
“bandage” features. 

capabilities of MCNP. 
There are still many remaining issues to be addressed for the electrodphoton transport 

1) The relaxation models are out of date and need to be improved (ref. 30 and 33). 

2) Other bremsstrahlung and electron interaction databases (ref. 11) and the 

3) Emax and step size problems 

4) Cleaning up the code and allow different databases to be used like the neutron side. 

5 )  No-scatter calculation which is highly platform dependent. 

6) Goudsmit-Saunderson treatment and general questions about multiple scattering 
and transport corrections such as TLC (transverse longitundinal correction). 

bremsstrahlung angular distribution calculation still is open 
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7 )  Thick target bremsstrahlung. 
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implicit real*8 (a-h,o-z) 
character line*80,xline*80,hd*lO,rline(l5~*3 
dimension nxs(l6), jxs(32),nxs3(16), jxs3(32) 
dimension xss(100000),exs(1000OO~,etb(57~,phi~S7),eta~57) 
dimension emott(100),xmott~100,5) ,xsc(100000) ,nxc(l6), j x c ( 3 2 )  
dimension xsp(10000) ,nxp(l6), jxp(32) 
dimension t b ~ 1 0 0 ~ , x ~ 1 0 0 ~ , x i ~ 1 0 O ~ , x s e c ~ l O O , l O O ~ , x s i c ~ l O O , l O O ~ ,  

1 r(100) .awit(100) ,ek(100) ,e1(100,15) ,ea(100), 
1 rtwo(9) ,rfac(9) ,riley(9,12) ,rkac(51) 
data kmax/89/r/0.000001d0,0.0000015d0,0.000002d0,0.000003d0, 
1 0.000004d0,0.000005d0,0.000006d0,0.000008d0,0.00001d0, 
2 0.000015d0,0.00002d0,0.00003d0,0.00004d0,0.00005d0,0.00006d0, 
3 0.00008d0,0.0001d0,0.00015d0,0.0002d0,0.0003d0,0.0004d0, 
4 0.0005d0,0.0006d0,0.0008d0,0.001d0,0.00125d0,0.0015d0, 
5 0.00175d0,0.002d0,0.0025d0,0.003d0,0.0035d0,0.004d0,0.0045d0, 
5 0.005d0,0.0055d0,0.006d0,0~007d0,0.008d0,0.009d0,0.01d0, 
6 0.0125d0,0.015d0,0.0175d0,0.02d0,0.025d0,0.03d0,0.035d0, 
7 0.04d0,0.04Sd0,0.05d0,0.055d0,0.06d0~0.07d0,0.08d0,0.09d0, 
8 O.ld0,0.125d0,0.15d0,O.l75dO,O.2OdO,O.225dOlO.2SdO,O.275dOl 
9 0.3d0,0.325d0,0.3Sd0,0.375d0,0.4d0,0.425d0,0.45d0,0.475d0,0.5d0, 
9 0.525d0,0.55d0,0.575d0,0.6d0,0.65d0,0.7d0,0.75d0,0.8d0,0.85d0, 
9 0.9d0,0.95d0,0.97d0,0.99d~,0.995d0,0~999~d0,1.0d0,11*0.d0/, 
9 aneut/1,008664967dO/ 

1 O.ldO,O.08d0,0.06d0,O.OSdOlO.O4dO,O.O3d0,O.O2dOlO.Ol5dOlO.OldO, 
2 0.008d0,0.006d0,0.00Sd0,0.004d0,0.003d0,0.002d0,0.0015d0,0,001d0, 
3 0.0005d0,0,0002d0,0.OOOldOlO.OOOO5dO,O.OOOO2dO,O.OOOOldO, 
4 0.00000Sd0,0.000002dO,O.OOOOOldO,l7*O.OdO/ 

data rkac/.9999d0,0.8d0,0.6dO,O.5dO,O.4dO,O.3dO,O.2dO,O.lSdO, 

ie11=7 
imcplib=iell+l 
ixdata=imcplib+l 
ixold=ixdata+l 
ixnew=ixold+l 
ius=ixnew+l 
iusl=ius+l 
ius2=iusl+l 
ius3=ius2+l 
ie130=iu~3+1 

ogen ( iell, file=' ell' ) 
open(imcplib,file='mcplibO2') 
open (ixdata, f ila='xdata.30' 
open(ixold,file-'xsdirl') 
open(ixnew,file='xsdir3w') 
open(ius,status='scratch') 
open(iusl,status='scratch') 
open(ius2,status='scratch') 
open(iu~3,~tat~~='~cratch~) 

open (ie130, file='e13w1 
C 
C read atomic weights and edge data from xdata. 
read(ixdata, ' (a80) ' line 
do 1 iz=1,100 
read (ixdata, * )  kzit, awit (iz) , n, nn 
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awic ( iz ) =awi t ( i z ) / aneut 
cwr i t e  ( 6 ,  * ) a w i  t ( iz ) 
ek( iz) :=O. 
ea ( iz ) .=O . 
i€(n.eq.O)qo t o  1 

readtixdata,’ (5(a3,f9.3,i4))‘) (rline(iL) ,el(iz,il),nm,il=L,n) 
ek(lz)::el(lz,l) *ld-3 
ea ( iz) =ek ( iz) 
if ( n . l t . 2 ) g o  to I 
ae=O. 0 
n l = 0  
do 2 iL=:Z,n 
if(rLine(i1) ( 2 : 2 )  .ne.’L’)go t.o 2 
ac=ae+el(iz, il) * l d - 3  
nl = n l  c 1 
2cont inue  
ea ( i z )  =ea ( i z )  -ae/ril 
1 cont  znue 

C start reading and process ing  .in “jxs“ order. 

C read and p r o c e s s  the radiative stopping powers. 
IOregd(ixdaea,’(a8O)’)line 
i~(line(l:12.).ng.’PHIRADB.BAT’)go to 10 
read (ixdata, * Imax, lrax, mrax 
read(ixdata,*) (etb(lmax-i*l),i.l,Imax) 
do 6 0  iz=l,lOQ 
read(ixdata, * )  (phi(lmax-ii=l) ,i=l,lmax), (eta(Lmax-i+l) ,i=l,lmax) 
if ( i 7.1 e. 94 ) then 
read( ie.11, ‘ (€9.2, Ike, 2f12.6, lx, a101 ’ mid, awit ( i z )  , tz, hd 
hd=‘6/6/98’ 
write( i u s ,  ’ (f9.2, lhe, 2f12.6, lx, a10) ‘ ) mid, awit (iz) , tz, hd 
call r e a t l l ( 5 ,  iell, ius) 
read(iel.t,’(8i9)’) (nxs(i),i=l,:L6), (jxs(i),i=1,32) 
read(iel.1, 
call xs%3(nxs, jxs,rurs3, jxsJ)  
else 
call zeroxs(nxs, jxs) 
call ZBICIXS (nxs3, jxs3) 
zaid=1008*iz+.O1 
t z -0 .0  
hd=‘6/6/98’ 
w r i t e  ( . ius ,  
Line=‘ ’ 
do 15 i=1,5 
1 5 w r i t a ( i u s , ’  (a801 ‘)Line 

endi E 
j x s ( l ) : : l  
nxs3 ( 2 )  =2+3*lmax 
nxs3 (2) =Fz 
nxs3 (3 1 =lmax 
jxs3 (1) =l 
jxs3 (2)=3 
jxs3 ( 3 ) = jxs3 ( 2  ) +3 * ~ m a x  

C flag t h e  new t reatment .  

c 

C 

(lp4e20.12) ‘ 1  ( x s s ( i )  ,i=l,russ(l) 1 

( f 9.2, lhe, 2f 12.6, I x ,  a101 ’ zaid, awit ( i z )  , tz, hd 

C 

April 27, 2000 
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nxs3 ( 16) =3 
if(iz.le.94)then 
call read1 (6, imcplib, 0 )  
read(imcplib,'(Bi9)') (nxp(i) ,i=1,16), (jxp(i),i=1,32) 

do 30 i=l,jxs3(2)-1 
30exs(i)=xss(i) 
c fix the kxray line and auger emission value at least for 
c consistency with fluorescence model. 
c exs (jxs3 (1) ) =kxray edge threshold. 
c exs (jxs3 (1) +1) =auger emission energy 

exs(jxs3(1) )=xsp(jxp(4)+nxp(4)-l)*ld3+ld-6 
exs ( jxs3 ( 1) + 1 ) =exs ( jxs3 ( 1) ) 
if (nxp (4 ) . gt . 2  ) exs ( jxs3 ( 1) +l ) = (xsp ( jxp (4) +nxp ( 4) -1 ) - 

1 2*xsp( j x p ( 4 )  +l) *ld3 
if (exs ( jxs3 ( 1) +1) .1 t . 0 . ) exs ( jxs3 ( 1) +1) = 

1 min (abs (exs ( jxs3 ( 1) +1) ) , 

read(imcplib, ' (lp4e20.12) ' (xsp(i), i=l,nXp(l)) 

if (nxp(4) .ne.O) then 

l x  
endi f 
else 
exs (jxs3 
exs (jxs3 
endi f 

do 
exs (jxs3 
exs (jxs3 

40 i=l,nxs3(3) 
2 ,  +i-1) =etb( i) 
2) +i-l+~(s3 (3) )=phi (i) 

4oexs (jxs3 (2 1 +i-l+2"ts3 (3 1 1 =eta (i) 
write ( ius, 
60write(ius,' (lp4e20.12) ' I  (exs(i),i=l,nxs3(1)) 

( 8i9) ) (11x93 i 1 , i=l ,16 ) , ( jxs3 ( i , i=l ,32 1 

rewind ixdata 
rewind ius 

C 
C read the old ratios for comparison sake. 

rewind iell 
C 

C read mott cross section ratios. 
61 read(ixdata,' (a80)')line 
if(line(l:S).ne.'MOTTE.DAT')go to 61 
read(ixdata, * )  imott, ixmott 
read( ixdata, * )  (emott (1) , i=l, imott) 
read(ixdata, ' (a801 ' 1 line 
do 63 iz-1,lOO 
read(ixdata,*l ((xmott(i,j) ,i=l,imote), j=l,ixmott) 
call readl(6,ius,iusl) 
read(ius,' (8i9)') (nxs(i),i=l,16), (jxs(i),i=l,32) 
read(ius,' (lp4e20.12) ' )  (xss(i) ,i=l,nxs(l)) 
call upto(exa,xss,jxs(3)) 

nxs3 (4)mimott 
nxs3 ( 1 ) =nxs ( 1) + ( ixmot t+ 1) *nxs3 ( 4 ) 
jxs3(4)=jxs(3)+(ixmott+l) *n~s3(4) 
do 62 i=l,imott 
62exs(jxs3(3)+i-l)=emott(i) 
do 602 j=l,ixmott 
jd=j *irnotc 

call xs23(nxs, jxs,nxs3, jxs3) 
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do 6 0 2  i=l,imott 
602exs(jxs3 (3)+i-l+jd)=~ott(i,j) 

c skip o v e r  positron data 
C 

reaa(ixdata,*) ((xmott(i,j),i=L,imott),j=l,ixmott) 
write(iusl,'(8i9) ' 1  (nxs3(i),i-1,16), (]Xs3(i),i=1,321 
63write(iusl, ' ( l p 4 e 2 0 . 1 2 )  ' 1 (exs (1) ,i=l.,nxs3 (1) 1 
rewind ius 
rewind ius1 
rewind ixdata 

C read ri1ey cross sections. 
cRIL,EY.  IIAT 
64 read(ixdata,' (a80)')line 
if(Line(l:9) .ne.'RILEY.BAT')go to 64 
do 67 iz=1,100 
do 6 5  ir=1,9 
read(ixdata, *)kz,rtwo(ir) ,rfac(ir) 
65read(ixdata,' (5e15.8) ' 1  (raLey(ir,ik) ,ik=1,12) 
call readl(6,iusl,ius) 
read(iual,'(Pi9)') (nxs(i),i=l,l6), (jxs(i),i=l,32) 
read(iusl,'(lp4@20.12)') (xs%(i),i=l,nxs(l)) 
call upto(exs,xss, jxs(4)) 

jxs3(5)=jxs3(4)+9*14 
nxs3(1)=nxs(l)+9*14 
io=-1 
do 66 ir=l, 9 
io = i Q+ 1 
exs (jxs3 (4) +io) =rtwo (ir) 
io=io+l 
exs ( j x s 3  ( 4 )  +io)=rEac(ir) 
do 66 ik=l, 12 
io=iot 1 
66exs ( j x s 3  (4) +io)=riley(ir, ik) 
write( ius, ' (8i9) ' (nxs3 (i) , i=l, 161, (jxs3 (i) , i=l, 321 
67write(iusI'(1p4e20.12)') (exs(i),i=l,r1xs3(1)) 
rewiqd ius 
rewiod ius1  
rewiqd ixdata 

c now do the bremsstrahlung production 
7 0  rend(ixdata, ' (a801 ' ) l a i n s  
if (line(l:9) .ne.'BREME.DAT')go to 70 

read(ixdata,'(216)') nmix,kmix 
read(ixdata,' (tifl2.51') (tb(n),nyl,nmix) 
read(ixdata,'(6el2.5)') (x(k),k=l,kmix) 

C 

call xs23~nxs,jxs,nxs3,jxs3~ 

c 

read(ixdata, ' (a801 ')l.ine 
do 120 i .z=l,lOO 
call readl(6,ius,ius2) 
read( ius, ' (8i9) ' ) (nxs (i) , i=l, 16) , ( j x s  (i) , i=l, 32) 
read(ius, ' (lp4e20.12) ' 1  (xss(i) ,i=l,mxs(l)) 
call upt.o(exs,xss, jxs(5)) 

nxs3 ( 5 1 =mix 
nxs3 (6) =)mix 

call xs23(nxs,jxs,nxs3,~xs3) 
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jxs3 (6) =O 
nxs3 ( 1) =nxs ( 1) +nmix+kmix+nmix*kmix 
read (ixdata, ‘ (6f9.5) 

do 90 n=l,nmix 
90exs( jxs3 (5) +n-l) =tb(n) 
do 100 k=l,kmix 
exs (jxs3 (5) +k-l+nmix) =x(k) 

C ld-3 converts from mb to b. 
do 100 n=l,nmix 
100exs( jxs3 (5)+nmix+kmix+nmix* (k-l)+n-l)=xsic(n,k)*ld-3 

C write out the normalized photon grid numbers. 
C these are rkt and rka but to allow for flexibility, they 
C will now be read from e130. 
C the jxs indices are bumped up since jxs(7) and jxs(8) are 
C used already. Then for consistency nxs is bumped up to have 
C the same indices. 
nxs3 ( 9  1 = h a x  
jxs3 (9) =nxs3 (1) +1 
nxs3 (l)=nxs3 (1) +nxs3 (9) 
nxs3 (101 -34 
jxs3 ( 10 ) rms3 ( 1) +1 
nxs3 (I) =nxs3 (1) +nxs3 (10) 
do 110 i = l , ~ t ~ 3 ( 9 )  
11Oexs (jxs3 (9) +i-l) =r(i) 
do 115 i=l,nxs3(10) 
11Sexs( jxs3 (lO)+i-l)~rkac(i) 
write(ius2,’(819)’) (nxs3(i),i=1,16), (jxs3(i),i=1,32) 
120write(ius2,’ (lp4e20.12)’) (exs(i),i=l,nxs3(1)) 

C 
C effect corrections. 

( (xsic (n, k) , n=l,nrnix) , k=l, kmix) 

C 

C 

C 
binding energies and occupation numbers of Carlson for density 

rewind ixdata 
rewind ius2 

140 read(ixdata, ’ (aRO) ’ line 
if(line(l:12).ne.’BINDENGY.DAT’)go to 140 

read(ixdata, * )  izx, isets 
do 160 iZ=1,100 

read(ixdata,*) (x(i),xi(i) ,i=l,isets) 
call readl(6,ius2,iusl) 

read(ius2,’ (8i.9)’) (nxs[i),i=1,16)t (jxs(i),is1,32) 
read(ius2, ‘ (lg4e20.12)’) (e%s(i) ,i=l,nxs(l) 
nxs3 (11) oisets 
nxs3 (1) “NCS (1) +2*isets 
jxs3(11)=nxs(l)+l 
do 150 ij=1, isets 
exs ( jxs3 ( 11 ) +i j -1) =x (i j ) 
15Oexs (jxs3 (11) +ij+isets-1) =xi ( i  j) 
write(ius1, ‘ (8i9) ’ )  (11x93 (i) , i=l,16), (jxs3 (i) , i=1,32) 
160write ( iusl, ‘ ( lp4e20.12 ) ‘ ) (exs ( i) , i-1, nxs3 ( 1) 

C 
C all done now write the new data file, e130, 
C directory file, xsdir30. 

call xs23 (nX8, ~ x s , ~ x s ~ ,  jxs3) 

rewind iusl 
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nline=l 
170read(ixold,'(a80)',end=220,err=220)xline 

Lyes=O 
line=xline 
do 180 1 = 1 , 5  
j j = j + l 9  
180if (line ( j  J : j j t2) . eq. 'ell' ) iyes=jJ 
if(iyes.eq.0) then 
write(ixnew,'(aSO)')xline 
go to 170 
endi f 
do 200 i=1,6 

i E ( i . eq. 1) then 
read(iusl,'(a80)')line 

do 190 j=1,3 
j j = j + 7  

190 
write(6, ' (a8O)')Line 

endi f 
200write(iel.30, ' (a80) ')line 

read(ius1,' (lp4e20.12)') (exs(i),i=l,nxs3(1)) 
write(iel.30, ' (Big) ' 1  (nxs3 (i) , i=l, 1 6 ) ,  (jxs3 (i) , i=l, 32) 
writs(iel30,'(lp4e20.12)') (exs(i),i=l,rucs3(1)) 
line=xline 
line ( 7  : 8 1 = ' 03 ' 
line(iyes+2:iyes*4)=' 
line(iyes+2:iyes*4)~'3x ' 
nO=O 
nl=l 
t = O .  0 
write ( ixnew, 2 10) line ( 1 : 2'7 ) , no, nl , nline, nxs3 ( 1) , 

210forrnat:(a26, lx, 2i2,2it3,212, f 4 . 1 )  
noff=13 
if (mod(nxs3 (1) ,4) .eq.O)noff=l2 

write(iwiew, ' (a8O) ')xLine 
go to 170 

C add in the  f i n a l  zaids to 1 0 0 .  
220 continue 

do 240 i=1,6 

if (i. eq. 1) then 

if (line ( j j : j j ) . eq. ' 1' ) line (j j : j j 1 = '  3 ' 

read(ius1,' (Big)') (nxs3(i) ,i=l,l6), (jxs3(i) ,i=l,32) 

1 no, no, t 

nl.j.ne=nline+nxs3 (1) /4+noff 

C 

do 250 iz=95,100 

read ( ius1 , ' (a80 1 ' 1 line 

do 230 j=1,3 
j jej+7 

write(6,'(a80)')line 
230 

xline=l,ine 
if ( line ( 1 : 1) . eq. 
endi f 
240write(ie130,' (a80)')line 

read(ius.1, (lp4e20.32) ' )  (exs(i) ,i=l,rms3(1)) 

i f  (line ( j j : j j ) . eg. ' 1' line ( j j : j j ) = '  3 ' 

' ) xline ( 1 : 27 1 =line ( 2 : 2 8  1 

read(iusl,'(8i9)') (nxs3(i),i=1,16), (jxs3(i),i=1,32) 
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write(iel30,'(8i9)') (nxs3(i),i=1,16), (jxs3(i),i=1,32) 
write(ie130,'(lp4e20.12) ' )  (exs(i) ,i=l,nxs3(1)) 
nO=O 
nl=l 
t=O. 0 
xline(22:27)=' e13x I 

write(ixnew,2lO)xline~l:27),n~,nl,nline,nxs3~1~, 

noff=13 
if (rnod(nxs3(1) , 4 )  .eq.OInoff=l2 
250 nline=nline+nxs3(1)/4+noff 
stop 

subroutine readl(n,iin,iout) 
character line*80 
do 10 i=l,n 

cif(i.eq.l)write(6,'(a8O)')line 
lOif(iout.gt.O)write(iout,' (a801 ')line 

999write(*,*) problem reading unit ',iin 
stop 
end 
subroutine xs23(nxs,jxs,nxs3,jxs3) 
dimension nxs(16), jxs(32) ,ms3 (161, jxs3 (32) 
do 10 i=1,16 
nxs3(i)=nxs(i) 
jxs3 (i) =jxs(i) 
10 jxs3(i+16)=jxs(i+16 
return 
end 
subroutine zeroxs(nxs,jxs 
dimension ms(16), jxs(32) 
do 10 i=1,16 
nxs(i)=O 
jxs(i)=O 
10 jxs (i+16) = O  
return 
end 
subroutine upto(exs,xss,jxs) 
implicit real*8 (a-h, 0 - 2 )  
dimension 8x9 ( 1) , xss ( 1) 
do 10 i=l,jxs 
lOexs(i)Pxss(i) 
return 
end 

1 nO,nO,t 

end 

read(iin, ' (a801 ',end=999)line 

return 

. .  



Appendix B 

Patches to MCNP for the electron upgrade 

Patch to 4xu with variables being defiimi at the being of patchf 

C 

G 

C 

C 

C 

C 

c 
c 
c 
c 
c 
C 
c 
c 
C 

c 
C 
C 

C 

C 
C 
e 
C 
C 

C 

loddat 09/22/97 <cccc makemcnp changes f o r  MCNP4B2 >>>>> 

For each fix, enter five integer parameters on one line in free 
fnrmae, ip(l) - i p ( 5 )  described below, followed by the appropriate 
number of new Lines. 

= The applicable computer system number o r  0 f o r  all systems. 
= The file number: 
= patchf 
= makemcng 
= patchc 
= The applicable line nilPRbel to edit-see the MCSETUB source. 
= The alter code: 
= insert the following i p ( I 5 )  Line(s) before line ip(3) 
= replace line ip(3) with the following ip(5) line(§) 
= insert the following bine after entry ip(5) of line ip(3) 
= delete Lines ip(3) through ig(5) 
= The number of new line(sI if ip(4)=1,2 
The entry number i€ ip(4)=3 
The last line number to delete if ip(4)=4 

The number of new lines that follow ip(l)-ig(5) is given by: 
= ip(5) if ig(4)=1,2 
= L if ip(4)-3 
= 0 i f  ip(4)=4 

C 

C 

G 

C 

C 

C 

C 

C 

C 
C 

C 
C 

C 

C 
C 
C 

C 
C 

6 

Add the *define t3d f o r  the Cray T3D. 
1 1 2 1 1  
“define t3d  

Provide links to the T313 compilelrs and linker. XTM:CWM-95-128 
Change t h e  CFT77 compile line. 
1 2 1 8 1 4  
e~cpo~% TARGET ; I’AReET-sCRAY-T3 D 
In -9  /mgp/bin/cc GC 
In -a  /m~p/bin/cft77 eft77 
1x1 -9 /mpp/bin/mpplr% segldr 
Provide links to the TJD compilers and linker. XTM:GWM-95-128 
1. 2 26 2 1. 
c:lit77 compile 

A d d  CFTLIB library an UNICOS for profile timing. 06/30/9§ (GWM) 
L 2 28 3 10 
-t/usr/local/lib -1pref 

C Add a second X-window include path for some SunOS systems. 
C 2 2 1 8 3 4  
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C -I/usr/openwin/include/Xll 

c 
C 2 2 29 3 10 
C -L/home -1ansi 

Add a link to the ANSI C library I1ibansi.a) on some SunOS systems 

C P ~ M  libraries must go first for pvm version at some installations 
3 2 3 0 2 1  
xlf -0 mcnp *.o -L/usr/lanl/gvm3.3/1ib -1fpvm3 -1pvm3 -L/usr/lib -1Xll 

C Add a link to the C math library (1ibM.a) on some HP systems. 
C 4 2 2 9 3  6 
C - 1M 

c**************** FIXES FOR SYSTEM 6 (DEC UNIX and PC LINUX) * * * * * * * * * * * *  
C 
C 

C Tim Goorley, jgoorley0mit.edu XTM-RN(U97-028) 7/21/97 
C 6 1 2 1 1  
C *define linux 
C 6 2 2 7 3 1  
C -00 
C 6 2 28 4 28 
C 6 3 2 1 1  
C *define linux 

The following 7 lines enable GNU P77 compilation on LINUX. 

...................... FIXES FOR S S T a  7 (PC W S  ) * * * * * + * * * * * * * * e + *  

C 
C 
7 2 4 2 5 9  
if exist flib del flib\*.for 
if exist olib del olib\*.obj 
if exist compile del compilo 
if exist newid del newid 
if exist patch del patch 
copy prgr.id prpr.for 
f90 prgr.for 
del prpr.for 
COQY makxs.id codef 
type gatchf 1 find u*definoe > patch 
Prpr 
rename compile makxsf.for 
f90 makxsf.for 
del makxsf , for 
del codef 
del patch 
del newid 
type patchf I find "+define pcdos. I find 'xlib' 
if errorlevel 1 goto noxwinl 

The following lines enable dvf F90 compilation-on DOS/WINWWS. 
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if exn:jt mcnpc.c del mcnpc.c 
copy mcnpc.id codef 
copy patchc patch 

rename compile mcnpc .c 
del codef 
del patch 
del newid 

: noxwinl 
copy mcnpf.id codef 
copy patchf patch 
PrPz 
del codef 
del patch 
del newid 
Esplit compile 
if errorlevel 1 goto  nosplit 
del compile 
€90 /compile-only /optimi:te:4 *.for 
goto link 
: nosplit 

prpr 

hcx86 -,f387 -DMSDOS -Hoff=protection ,I\dvx\include -c mcnpc.c 

rename compile mcnp. for 
lf9Q -c -nw -00 -mod \1€9040\lib mcnp,€or 
: link 
move mcsetup.for mesetup.id 
if exist: mcsetup.obj del mcsetup.ebj 
if not exist flib mkdir flib 
move *.for flib 
move mcsetup.id mcsetrip.€or 
type patchf I find "*define pcdosn 1 find "xlib' 
if qrroslevel 1 gotn noxwin2 
set Lib-\f9713\lib;\hc~3\small;\dvx\lib\hcx87 
lf90 Oa1itomake.rs.p \lf9040\lib\hcx20.obj mcnpc.obj -lib hcx86,hcx87,hcna,xll,sys - 
nomap -exe  mcnp . exe 
goto end 
: nowin2 
f90 /exe:mcnp.exe *.obj  
: en4 
if not exist olila rnkdir olib 
move *.obj olib 
7 2 5 4 5 2  

C******t************** fixas for sy<gtQm 8 (sun sol. ) ****4************ 

9 1 2 1 1  
*def iiie multt: 

9 2 5 2 1  
rm -z% compile newid patch eodef flib o1ib 

9 2 1 3 2 1  
rm -f  newid coda€ patch * . €  * . o  

9 2 1 4 2 1  
Ln -s mcnpc.id codef 
9 2 1 5 2 L  

C 

C 

C 
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1n - s  patchc patch 
9 2 1 8 2 1  
cc -64 -g -c -I/usr/include mcnpc.c 

9 2 1 9 2 2  
rm - f  codef patch 
mv newid newidc 

9 2 2 0 2 1  
In -s mcnpf.id codef 
9 2 2 1 2 1  
In -s patchf patch 

9 2 2 4 2 2  
rm - f  compile codef patch clog 
mv newid newidf 
9 2 2 7 2 1  
f77 -64 -mp -02 -TARG:madd=OFF -OPT:Olimit=3000 -c *. f  
9 2 2 8 2 1  
f77 -64 -mp -00 -TARG:madd=OFF -OPT:Olimit=3000 -c trnspt.f 
9 2 3 0 3 1  
-64 -mp 

9 2 30 3 12 
\ 

9 2 3 1 1 2  
-Wl,-Xlocal,pblcom, -Wl,-Xlocal,tskcom- -W1,-Xloca1,itskpt- 

C 

C 

C 

c Delete lines 2-7 of PATCHF. 

c Add the entire following patch to PATCHF. 

* /  Integrate your patch with the following. If your patch makes changes 
* /  to the ZC, VV, CM, GS, MB, or ED decksl contact MCNPQLANt.OOV for 
* /  details on including your patch via the 1NSTALL.FIX file. When 
* /  integrating your patch, be sure the order of the c,hanges (increasing 
* /  in line number) is preserved to avoid a PRPR error. See Appendix 
* /  C, page C-8 in the MCNP manual for more details. 
* /  
* /  brief description of variables 
* /  its30: flag only to ensure that its3.0 treatment is done 
* /  in xsgen and colidp when rues may have been zeroed. 
* /  ntop and nwng: variables €or itsl.0 parameterized variables. 
* /  mtop and mwng: its3.0 parameterized variables larger than itsl.0 ones. 
* /  nstg and matp: number o f  enexgy groups spanned in angular brema cal. 
* /  nstp is the number used in the calculation and mstp is a parameter to 
* /  make enough room is setdas. 
* /  rktc: itsl.0 photon energy ratios. 
* /  crelec: classical electron radius 
* /  istern: flag for sbs density effect treatment. 
* /  numb: flag for producing brems in each step. 
* /  cond, Icon: flag and offset for conductivity assignment in each material. 
* /  lmb: memory offset for temporary dynamic memory. (allocate and deallocate) 
*ident its30 
*d, z c l x s  . 3  <21> 

*d,zc4rm.3 2 m1gc=1000,mpb~5,mpng=21,mseb=301,mspare~3,mtop=49,mwng=25c27-28~ 

0 1 2 4 1 0  

0 1 1 1 2  

parameter (kod=8mcng~,ver=~4bnu',loddato'09/21/99') 

2 mlgc=1000,mpb=S,mpng=2l,msebp30l,msgare=3, 
2 mtog=89,mwngr(mtog+l)/2,mstp=~,mbng~51, 
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<47> *d, zc4b. 12 
* /  include the Eundarnental constant crelec=classical electron radius. 
* /  crelec=p1anck*slite/(2d0*pie*fscon9gpt(3)) 

*d, vv4b. 1, w4a. 2 

* /  a fixed array if rka i s  not read from the database. 
* /  1 rkaclmbng) , 

1. talb(8,2) ,vco(mcoh) ,vic(minc) ,wco(mcoh), 
*d,cm4xu.5 

9 +1* (rntop) +l* (mbng) ) 

*d, cm4xu. 9 9 )  
9 + 8 * ( L )  ) 

9 euler=.57721566490153286ldO,crelec=2.817938Od-13, 
<55-56> 

common /tables/ gpt(mipt),qEiss(23),rktc(mtop), 

9 )  < 8 5 - 0 6 >  

* d ,  cm4xu. 32 
common /fixcorn/ almin, bbrem(mtop) , bnum, ca lph  (maxi) , coincd, 
1 rkt(mtop),rka(mbng), 

*d,crn4xu.44 
* /  +% 

5 ism(3) ,issw,istrg,iunr,ivdd(maxf) ,ivdis(mamr) ,ivord(rnaxf) ,iwg, 

5 ism(3),issw,istern,its3O,istrg, 
5 iunr,ivdd(maxf) ,ivdis(maxv) ,i.vord(maxf) ,iwwg, 

*d, cnt4xu. 54 
6 nwma , n w  (mipt: ) , nwwm , n m a  , m e ,  

* /  t4 
ti ntop,nwng,nstp,numb 

*d,cm4xu.69 1 lscr,1emi,lgtr,lpts,l.~g,lxlk,l~la,lixc,ljmt,l~t, 
* /  +2 

6 nwgma,nww(mipt) ,nwwM,nwwma,nxnx 

1 lscr, l e d ,  Icon, lmb, 
1 Lptr, lpts, Irng, IxLk, lyla, lixc, I.jrnt, lkme, 

*d,crnQxu.294 

*d, am41~71.3 01, cm4xu. 3 02 
(das,emi,ptr, pts, rng, scr, ixc, jrnt, kdug,kmt,kxd, Ibb) 
*if -def,pointer, 5 

dimension emi(1) ,ptr(l) ,pts(l) ,rng(l) ,scr(l) ,ixc(61,1), 
dimension emi(I)  ,cond(l) ,ptr(l) ,pts(l) ,rng(l) ,scr(l) ,ixc(61,1), 

equivalence 

equivalence (das, a m i ,  cend, 
1 gtr,pts,mg, YCL', i x c ,  jmt:, kdup,kmt,kxd, lbb) 

*d, cm4xu. 3 06, cmlxu .3 07 
*if def,pointer,7 

pointer (kdy,erni), (kdy,gtr), (kdy,gts), (kdy,rng), (kdy,scr), 

pointer (kdy, emi) , (kdy, cond) , 
L (kdy,ptr), (kdy,gts), (kdy,mg), (kdy,scr), 

*i, lkon.12 blue 

*i, lkuff.12 blue 
i f ( j lock . eq . - 1 1 call mu-se t lock ( 1 

if( jlock.eq.l)call mp-unsatlackO 

data r k t c / . O 0 1 , . 0 0 1 2 5 , . 0 0 1 5 , . 0 0 1 ' 7 5 , . 0 0 2 , . 0 0 2 5 , . 0 0 3 , . 0 0 3 5 , . 0 0 4 ,  
1. .0045,.005,.0055,.006,.007,.008,.009,.01,.0125,.015,.0175,.02, 
2 .025,.03,.035,.04,.045,.05,.055,.06,.07,.08,.09,.1,.125,.15,.175, 
3 .2,.25,.3,.35,.4,.45,.5,.55,.6,.7,.8,.9,.9999,40*1./ 

*d,bd.14,bd.17 <422-425> 

* /  datu r k a c / . 9 9 9 9 , 0 . 8 , 0 . 6 , 0 . 5 , Q . 4 , 0 . 3 , 0 . 2 , 0 . 1 5 , 0 . 1 , 0 . 0 6 ,  
* /  1 0.06,0.05,0,04,0.03,0.02,0.015,0.01,0.008,0.006,0.005,0.004, 
* /  2 0.003,0.002,0.0015,0.001,0.0005,0.0002,0.0001,0.00005,  
* /  3 0.00002,O. 00001,O. 000005,0.000002,0.000001,17*0.0/ 
* /  data rktc/0.000001,0.00000~5,0.000002,Q'.000003,0.000004, 
* /  1 0.000005, 
* /  1 0.000006,0.Q00008,0.00001,0.0~~0015,0.00002,0.0000~,0.00004, 

* /  3 0.0005,0.0006,0.0008,0.001,0.C~0125,0.00~~,0.00175,0.002,0.0025, 
* /  4 0.003,0.0035,0.00Q,0.0045,0.0~5,0.0055,0.006,0.007,0.008, 
* /  5 0.009,0.01,0.0125,0.015,0.0275,0.02,0.02~,0.03,0.03S,0.04, 

* /  2 o . o o o o ~ , o . o o o o ~ , o , o o o a ~ , o . o o o ~ , , o . o o o ~ ~ , o ~ o o o 2 , o . o o o ~ , o . o o o ~ ,  
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* /  6 0.045,0.05,0.055,0.06~0.07,0.08,0.09,0.1,0.125,0.15,0.175,~.~, 
* /  7 0.225,0.25,0.275,0.3,0.325,0.35,0.375,0.4,0.425,0.45,0.475, 
* /  8 0.5,0.525,0.55,0.575,0.6,0.65,0.7,0.75,0.8,0.~5,0.9,0.95,o,g7, 
* /  9 0 . 9 9 , 0 . 9 9 5 , 0 . 9 9 9 5 , 1 . 0 /  
* /  Uncomment (delete 1st 3 columns) o f  next 2 lines to enable LAHEY ~ 9 0  
* /  Uncomment the following for DVF on PCDOS. 02/17/98 (GWM/GWM) 
*! *i,tt4a.3 
* /  use dfport,only:signal 
* /  *d, tt4b.5, tt4a.28 
* /  *if def,pcdos,l 
* /  k=signal(a,pttyin, -1) 
'ident its30 

<989> 

<1012-1014> 

*d,jc4xu.l for conductor specification 

*d,ib.72 enable reading numb option 
parameter (nkcd=9O,ntalmx=lOO,mopts=6) 

data cm(54), (krq(i,54) ,i=l,7)/'phys ',O,l, O,l,-1, 10,0/ 
*d,ib4a.l0 for conductor specification <1677> 

data hmopt/'gas','estep','nlib','plib','elib', 'cond'l 
setdas * /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*d, sd. 46 <3348> 
* /  ell way used 
* /  ns=8 

ns=mgtp 
ledg=lech+mpng*mwng*(nee/ns+l)*nmatl*ke 

*d,sd4b.13,sd4b.14 use the space regardless of plotting 

*d,sd.169 for conductor specification 
lfcdg=lx85+10*nmatl*nee 

lcon=lemi+nmatl*ko 
lfdd=lcon+nmatl*ke 

if(bnum.ne.O.0.and.numb.ne.O)call erprnt(l,l,O,O,O,O,O,Ol 
*i,ce4a.182 

1 '"only one kind of brems biasing allowed") 
*d,ce.598 bbrem fix on mtog. 
1060 if(nwc.gt.49)go to 1070 

nextit * /  . .............................................................. 
*d,ny4a.36 for conductor specification <5445> 

if(mlc.eq.6.and.nee.gt.O)cond(lcon+nmat)=ritm 
if(mlc.le.2.or.mlc.eq.6)go to 728 

*ident bnum 
*d,ny.443,ny.444 <5529-5530> 

if(nwc.eq.6)then 
* /  allow f o r  negative bnum for average energy l o s s  calculation in brems. 
* /  automatically reduce the subsequent electron production. can be over- 
* /  ridden by user with enum specification. 

bnumrr i tm 
if(bnum.ne.zero1 

1 enum=one/abs (bnum) 
endi f 
if (nwc.eq.10lnumb-1 
if(ritm.lt.O..or.ab8(l.-ritm).lt..OOOOl)return 

* ident its 3 0 
*d, ny. 744, ny. 745 <5830-5831> 
1480 if(nwc.le.49)bbrern(nwc)=l./ritm 

if(nwc.gt.49)mbi(lmbi+nwc-49)=-iitm 
<6306-6308> *d, oc4a. 26, oc4a. 2 8  

610 if(nwc.lt.49)call erprnt(2,1,2,nwc,49,010,0, 
1 ontoo few entries:w,i5,w were read,w,i5,a are required.") 
m=49 +ma% ( kpt ( 3 ) , kpt ( 2 ) ( 1- ides ) *nmatl 

getxst * /  --_----------^----------------------------------------*---*---- 
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*i,cor4-2.%61 
if(nt.ne.O)lmb=mb/ndp2 

*i,gt .213 <16597>  
* /  define an its30 flag only to ensu.re t h a t  its3.0 treatment is done 
* /  in xsgen and colidg when nxs may have been zeroed. 

i f ( i t s 3 0 . t s q  . 0 ) i t s 3 0 = nxs ( l nxs i. 1 6, i ex 
if ( i t s 3 0  .ne .  nxs (lnxs+lG, iex) ) c a l l  erprnt ( : 1 , 1 , 0 , 0 , 0 , 0 , 0 ,  

1 I, ' electron tables axe incompatible. ' ) 
* /  

ns tp=rns tp 
* /  do 2 i=l,mbng 
* /  2 rka(i)=rkac(.i) 

i.f(its30.eq.3)go to 5 
ntop=49 

nwng=25 
nstp=8 
do 1. i=l,mtop 

do 3 i=l,nwng 
3 rka ( i) =rkt (ntog-2 * i+2 
5 continue 

* i , xg .I7 
C .O00579=(e lec t ron_radius)  **~/fine_structurs_constant*ie24 
e and z + l  has been replaced with z+eta, where eta accounts 
C for electron-electron bremvstrahlung. 
C *cross  sections for bremsstrahlung production and electron- 
c impact ionization," s .  m. s:el:zter, in monte carlo transport 
c of electrons and photons, t:. m. jenkins, w .  r. nelson, and 
C a. rindi, eds. 

4 7  82  9r 

f=O. 00579 
if (nxs (lms+l6,y) .eq.3) f=crel.ec'~crelec/fscon+l.d24 

*d,xg.l8,xg.21 its3.0 radiation yields. 
* /  $et up this way to allow f a r  tracking the test problems. 

if(nxs(lnxscl6,j).ey.3)go to I1 
do 10 i=l,nxs(lnxs+3,j) 
ex9 ( j xs ( 1 jxs+2, j ) +i-l) =log ( e m  ( j xs ( 1 jxs+2, j ) +i- 1) /gpt ( 3 ) ) 

10 8x9 ( j x s  ( 1jxs+2,  j ) + m s  ( lnxs+3 , j ) +i-l) = 

go to 18 

exs ( jxs ( 1 j x s + l  , j 1 +i- 1) =log (exs ( jxs ( ljxs+2, j ) +i-l) / g p  t (3 1 ) 
f.L=exs( jxs ( l jxs+Z ,  j)+2*nxo(lnxs*3, j)+i-l) 

1 .000579*2*(~+1.) *exs(jxs(ljxs+2!, j)+11~~(lnxs+3, j)+i.-l) 

11 do 12 i=l,nxs(liucs+3,j) 

12 (3x9 ( j x s  (Ljxs+%, J )  + W S  (Ixlxs+3, j +i-1) = 
1. f * z *  ( z+ f 1 ) *exs ( jxs ( Ijxr+Z, j +WS ( lnxs+3, j 1 +i-l) 

1, 0,1,'* nxs(9) greater than mtop."') 
i f (nxs( lnxs*9,j) .gt .mtop)cal l  erpr~t(l,l,2,nxs(lns+9,j),mtop,O, 

* /  load values into r k t ,  rkae ntog, nwng only once. 
* /  if cxs is sacrosanct in the future this code can all be expunged. 

if(ntog.ne.0)go to 35 
rtt:op=nxs ( lnxs+9, j 
nwng=nxs (lnxs+lO, j ) 
iE(nwng.gt.34lca11 erpint(l,l,2,Ncs(l~sc10,j),34,0, 

.L 0,1,'" nxs(10) greater than 3 4 . " )  
* /  peurfom a linear interpolation an bbrem for bins one cannot specify. 
* /  interpolate on the low end of  the biasing input. store values in 
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* /  eba temporarily and then reload them and zero eba again. 
if (bbrem(1) .eq.zero)go to 16 
n7=max(l,ntop-47) 
do 14 i=ntop,n7,-1 

n8=max(l,ntop-48) 
do 1 5  i=n8,1,-1 
eba ( lebaci ,1) =bbrem( 1) + (bbremf 2 ) -bbrem ( 1) ) * 
1 (exs ( j xs ( 1 jxs+9, J 1 +i-1) -exs ( jxs ( 1 jxs+9, j ) ) ) / 
1 ( exs ( j xs ( 1 j xs + 9, j 1 +n8 1 -exs ( j xs ( 1 j xs +9, j ) ) ) 

. 14 eba(leba+i, 1) =bbrem(49-ntop+i) 

1 5  if(eba(leba+i,l) .le.zero)eba(leba+i,l)=max~bbrem(l),eba(leba+i,i)) 
C 

C load photon energy ratios from database into fixed arrays. 
C also load in interpolated bbrem values if needed. 

16 do 17 i=l,nxs tlnxs+9, j )  
rkt ( i ) =exs ( jxs ( 1 j xs+9 ,  j +i-l) 
if(i.le.nxs~lnxs+lO,j))rka(i)=exs(jxs(ljxs+lO,j~+i-l~ 
if(bbrem(l).eq.zero)go to 17 
bbrem ( i =eba ( leba+i, 1) 
eba(leba+i, 1) =zero 

17 continue 
go to 3 5  

18 continue 

3 5  continue 
i , xg .27 ~17839, 

*i , xg .92 <17892> 
* /  istern is a flag for the sbs density effect treatment and if 
* /  non-zero is the memory of f se t .  

* /  bug repair 
*d, xg. 122 cn=min(izf2)*frne(lfme+jm)/(a*3.) 

cnrzero 
do 165 j=jmd(ljrnd+mkc),jmd(ljmd+mkc+l)-l 

cn=rnin(iz,2)*cn/(a*3.) 

if(~cs(lnxs+l6,lme(llme+3~jmd~ljmd+~~) 1 )  .eq.3)istcmrl 

165 if(iz.eq.it.a(liza+j~/lOOO~cnrcn+fme~lfme+j) 

*d,xg.135 correct xnum bug which precludes turning electron impact 
* /  ionzation k-xrays off. 

*i, xg. 1 3 9  
* /  to become ink(86) 

if(xnum.ge.zero)Xnm(lxnm+mkcf=~um 

if(ink(85).eq.O)go to 180 
af=avgdn/aa 
write(iuo,'(/29helectrda. secondary production175x, 

write(iuo,'( 
1 lrlhprint table 86/1 ' 1  

1 9x,6henergy,llx,l4hsto~ping power,llx,Shbrems,3~,9hthick tgt,3xf 
2 7hk x-ray13x,8hknock-on/ 
3 4x,lhn,14xl19hcollioion radiation,3x,5htotal,15x,Shbrems,16xl 
4 /lOx,3hmev,6~,29hmav barn mev b a M  mav barn ,3xf5hbarn , 
5 16x, 4hbarn, 6x, 4hbarn) ' ) 
do 175 name-l,l,-1 
nk=n+nee* (rnkc-1) 

17 5 write ( iuo ,17 6 ) n , eee ( leee+n) , xse8 5 ( 1x85 +I, nk) /a f , 
1 xse8S(lx85+2,nk)/af,xse85(1x85+3,nk)/af,~br~lpbr+nk), 
2 pbt ( lpbt+nk) , pxr ( lpxr+nk) , pkn ( lpkn+nk) 

176 format(i5,lpel2.4,2(lx,SelO.3) 1 
*i, xg. 140 

* /  debug prints remove for integration. 
if(its30.eq.3)rka(l)=one 

c17965> 
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close (17) 

close (19) 
close ( 18) 

'ident bnum 
*i,xy.1.42 

* I, xy .I 45 

set secondary electron to 1% arbitrarily for numb biasing. 
i f (numb. eq. 1,. and. enum. eq. 1. )  enum=L. / 100. 

if (numb. eq. 1 write ( iuo, I 9 5  1 
1 9 5  format(' bremsstrahlung generated on each electron substep.', 

1 1 ,  secondary electron production reduced by 9 9 % . ' )  
ronge 
<18709> 

* / 
* i , rn4a. 4 

c set up some temporary dynamically allocated arrays for denslty 
C effect calculation. 

*if -def,pointer,l 

*if def,pointer,l 

.- - - - - - - - - - - - -- - --------I - - ------.-.-.---I ------ - I - -- - -- _-  -__  _- _ _  - _ _  
C 

dimension f o ( 1 )  ,eq('L) ,xq(l) 

equivalence (das, f o ,  eq, xq) 

pointer (kdy, f o )  (kdy,eq), (kdy,xq) 
*d,rn.ll,rn.l2 <18728-18729> 
c obtain an average density for a cell w i t h  the same material but 
C different densities. 

ch=zero 
nh=O 
ic=O 
do 10 i=l,mxa 
if(mat(lmat+i) .ne.mkc)gu to 10 
i f ( ic . eq. 0 ) i c = i  
rh=rh+rho (Irho+i) 
nh=nh+L 

if(nh.eq.0.or.Ph.eq.z~~~) 

rh=rh/ nh 
*d,rn4b.16 f = l .  3.3 

i.z=iza(liza+jmd(ljmd+mkc))/lO~O 
do 15 j=jmd(ljmd+mkc)+l,j~d(1.~md+~c+l)-l 

15 i,f(iz.ne.iza(lira+j)/l~OO)go to 16 
go to 21. 

16 E-1.13 
*d, m .  23, rn. 3 0 
C az is zois in the notacion oC stesnhiemer, berger, seltzer. 
* /  using this locution gives better agseement with its3.0 instead of crelec. 

10 continue 

& call expirx(O,'rongel,'zero density or non-existent material') 

<18753-18759> 

cr=pI.anck*slite/ (2dO*pisxfscon*gpt (3 1 1 
pl=2d+l8*crrgpt(3)*fscQn*sqrt(pie*cr*rh*~z) 
s w 2  .dO*log ( S r f g l )  
if (istern.ne.O)go to 40 

C 

C sternheimer and geierls txtkutment .. 
c cb=su+l. 

cb=2. *lQg(Sr/ (37.1*sqst(az*rtro(l:~ho+ic))) )+I. 
if(emi(1emicmkc) .eq.O.)go to 31 
xb=4+min(l,int(cb/l2.25)) 
xa=max ( . l*one*min ( 20, ma% ( 16, irie ( :2 .  *cb) -3 ) ) , .3 26*cb-2.5 1 
go t o  49 

xa=rnax(.2+zero,.326*cb-.5*xb) 
go to 49 

31 xb=2+rnin(l-,int(sr/1,00.)) 
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C 

C sternheimer, berger, and seltzer treatment (sbs) : 
C r. rn. sternheimer, s. m. seltzer, and m. j .  berger, 
C "density effect for the ionization loss of 
C charged particles in various substances", phys rev b, 26, 6067(1982). 

40 l r = O  
l l = O  
12=0 
do 41 j=jmd(ljmd+mkc),jmd(ljmd+mkc+l)-1 
n s = n x s ( l n x s + l l , l m e ( l I m e + 3 , j ) )  
zs=exs ( jxs ( 1 jxs+ll , h e  ( llmec3, j 1 ) +ns- 1 ) 
if((cond(lcon+mkc) .eq.zero).and.(zs.gt.zero) )ll=lltl 
if((cond~lcon+mkc~.gt.zero~.and.~zs.lt.zero~~l2=12+1 

41 lr=lr+ns 
C 

C check conductor or non-conductor assignment. non-conductor 
C if assigned by condi0, or =O and at least one non-conducting 
C component. conductor if assigned cond>0 and at least one 
C conducting component, or condo0 and no non-conducting 
C components. 

if(cond(lcon+mkc) .ne.zero)go to 42 
if (1l.ne.O)go to 47 
cond(lcon+mkc)=one 
call erprnt (1,2,l,mkc, 0, 0, 0, 0, 

go to 47 

if(cond(lcon+mkc) .eq.-onelgo to 43 
call ergrnt(1,2,l,mkc,0,0,0,0, 

call erprnt (1,2,0,0,0,0,0,0, 

& '"material ",i4,* has been set to a conductor*') 

42 if(l2.ne.O)go to 47 

& **material" ,i4," has been s e t  to a non-conductor*') 

h *no conduction electrons available") 
43 cond (lcon+mkc) =zero 

C 

C add memory f o r  temporary arrays. 
47 if(istern.eq.l)istern=lmb .. . 

if(lmb-istern.gt.3*lr)go to 48 
17- (3*lr+istern) *nap2 
if(lfll.lt.l7)call chgmem(mdas,lfll,l7,'ronge*) 
lmb=l7/ndp2 

call denl~az,su,pl,fo~ld+l~',eq~ld+l+lr~,xq(ld+l+2*lr),nt,wt,tml 
if (nt . gt . lr) call erprnt (1,1,2, lr, nt, 0,O , 0 I 

48 ldtistern 

1 '*memory problem ',i4,* allocated *,i4,' used;') 
49 continue 

* i, rn. 45 
*d,rn.48,rn.49 

in=l 
if (nxs ( 1~ts+16, h e  ( llme+3, jmd ( 1 jmd+mkc 1 1 ) . ne, 3 ) bl (k) =bl (k) + 
1 qpo l (  log (s ) , exs ( jxs ( 1 jxs+2, ix) ) , exs ( j xs ( 1 j xs+2, ix) + 
1 nxs(lnxs+3, ix) ),11~9(1~18+3, ix) 1 *fme(lfme+j) *gpt(3) * (s+l. 1 
if(nxs(lnxs+l6,lme(llme+3,jmd(ljmd+1rtkc) 1 )  .eq.3)bl(k)=bl(k)+ 
1 spol ( log (9 )  , exs ( j xs ( 1 jxs+Z , ix) ) , exs [ jxs  ( 1 jxs+2, ix) + 
1 nxs ( 1ms+3, ix) ) , nxs ( lms+3, ix) , in) * fme ( Ifme+ j 1 * 
1 gpt(3)*(S+l.) 

60 continue 
*dIrn.53,rn.57 <18782-18786> 

d=zero 
if(istern.eq.0)go to 65 
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call den2(s,tm,fo(ld+l) ,eq(ld+l.+lr) ,xq 
go to 69 

if(x.gt.xa)d-max(zero,4.606*x-cb+(cb-4 
6 5  x=.4342945*Log(sqrt:(s*(s+2.)) 

1 ((xb-min(x,xb)) / (xb-xa) ) * * 3 )  
69 if(k.eq.b)dd=d 

80 nk=n+nee* (rnkc:-1.) 
*d,rn41a.62,m4b.66 

xse85(1~85~1,nk)=eZ(l) *af 
xse85(1~85+2,nk)=bL(l)*af 
x s e 8 5 ( l x B 5 c 3 , n k ) = ( e l ( l ) t b l ( l ) ) * a f  
j.f ( j ov r  ( 1) cjovr ( 3 +]ovr ( 5) . nu. 3 ) go t o  85 

t)s=e* (e+2. *gpt (3) ) / (ecgpt ( 3 )  ) * * 2  

xse85 (1x85 1.7, nk) =cl*af*az*dd/hs 

*i,rnBb.69 l o a d  correct bs 

*d, r114b. 70 

*d,rn4b.77 

ldcli-2 

606*xa 

lr) ,nt,wt,d) 

<l8844> 

<l8873> 

<18856> 
1 lh.,2x,241mean ionization energy =,lpe12.S,4h e v . / )  
iE(istern.eq.0.or.nz.ne.l)go t:o 94 
write(iuo,' ( ' I  density effect: data") I )  

if (cend(Lcon+mkc) .eq.zero)write(iua, ' ( I '  non-conductor' I )  I )  
if(cond(lcon+mkc) .gt.zero)writeliuo,' ( ' I  conductor") ' )  
do 91 j=jmd(ljmd+mkc), jmd(ljnid+nnkc+l)-l 
iz=iza(liza+j)/1000 
ns=nxs( lnxs+l l , lme(fIme+3, j ) )  
write(iuo, ' ( ' z ='',i4)') iz 
write ( iua , ' ( O C : ~  no, be(ev) pairs")') 

91 write(iuo,'(6(6x,E3.0,fl1.3)) ' )  
& ~exs~jxs~1jxs+31,fme~l.Lme+3, j))+nn-l), 
& sxs(jxs(ljxs+ll,lme(llme+3,j))+ns+nn-l), 
& nn=l,ns) 
write(iuo, ' ( ' ' plas (ev) Wt tmin (mev) ' ' ) ' ) 
write(iuo, ' (3x,Jf12.5) ' 1  pl,wt,tm*gpt(3) 
write(iuo, ' ( / I  ' 1  

94 i f  (nz. eq. 1) write( iua, 9 5 )  
95 format( 

*addfile , m 
*deck cleml 

subroutine den1 ( a z , s ~ % , p l ,  fo,eq,xq,nt,wt, tm) 
C 

C calculate oscillator parameters, €0, eq, xq, and the number 
C of oscillators, nt, based on shell data of carlson and the 
C plasma frequency, p l ,  and :Log of the ionization potential, su. 
C return the fitting parameter, wt, and minimum 
c normalized kinetic energy, tm, for use in den2. 
C this routine solves eq. (IO) of r. m. sternheimer, s. m. seltzer, 
c and m. j, berger, 'density effect f o r  the ionization loss of 
C charged particles in various substances', phys rev b, 26, 6067(1982). 
*Cali cm 

dimension fo(l),eq(l),xq(l) 
nt=O 
do 20 j=jmd(ljmdcmkc) ,jmd(ljrnd+mkc+l)-l 
iz=iaa(liza+j)/1008 
ns=nxs ( lnxs +lL, line (19me+3, j 1 1 
do 20 n=l,ns 
zs=exs ( jxs ( 1 j xs+ 11, Lme ( llme+3 , j 1 1 cn- 1) 
nt=nt+L 
f o ( n t ) =Erne ( 1 fme+ j 1 * ahs ( zs ) / az 
if ((cond(lcon+mkc) .ne.ze.ro) .and. (zs.le.zero) ) g o  to 10 
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C 

C 
C 

1 0  

20 

30 

40 

C 

C 
C 

50 

60 
70 

80 
C 
C 

90 

*deck 

C 
C 

C 
C 
C 

*call 

xq(nt)=~exs~jxs~ljxs+ll,lme~llme+3,j~~+ns+n-l~/pl~**2 
eq(nt) =2. dO* third*fo (nt) 
go to 20 
xq(nt)=zero 
eq (nt) =fo (nt) 
continue 

find fitting parameter rho termed wt here following 
sternheimer, berger and seltzer as implemented in its3.0. 

mt=O 
wt=2. dO 
xo=wt 
fu=zero 
dr=zero 
do 40 n=l,nt 
pa=wt*wt*xq(n)+eq(n) 
fu=fu+fo(n) *log(pa) 
dr=dr+fo(n)*2.d0*wt*xq(n)/pa 
wt=wt-(fu-su)/dr 
mt =mt + 1 
if(mt.lt.25)go to SO 
call ergrnt(l,2,l,mt,O,O,O,O, 

& 'i10," iterations den1 fitting parameter has not converged."') 

when no fitting parameter is found, arbitrarily set i t  to 
a small value. 

wt=l. e-4 
go to 70 
if(wt.gt.zero)go to 60 
wt=xo/2.d0 
go to 30 
if(abs(wt/xo-one) .gt.l.d-6) go to 30 
w2=wt *wt 
do 80 l=l,nt 
xq(1) =w2*xq(l) 
eq(1) =xq(l) +eq(l) 

find minimum normalized kinetic energy. 
tmlzero 
iflcond(lcon+mkc).gt.zero)return 
sm=zero 
do 90 l=l,nt 
srn=srn+fo(l) /xqCl, 
bq=one/ (one+sm) 
trn=one/sqrt (0x10-bq) -one 
return 
end 
den2 
subroutin. den2 ( 8  , tm, fo, eq, xq, nt , wt , d) 

calculate the density effect, d, based on fitting Parameter, wt 
and oscillator parameters, fo, eq, xq, at normalized energy, s 
greater than tm. drzero otherwise. 
this routine solves eqs. (5) and (6) of sternheimer (1982). 

cm 
dimension fo(l) ,eq(l) ,xq(l) 
d-zero 
if (s. le. tm) return 
mt=O 
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l a  

20  

C 

C 

C 

re=one/ (s*(s+2 .do) ) 
rc= (s+one) * * 2  
x=one/ re 
xo=x 
fn-zero 
dv=zero 
do 2 0  n=l,nt 
fn=fn+fo(n) / (xq(n) + x )  
dv=dv-fo (n) / ( (xq(n) + X I  * * 2 )  
x=x- (En-re) /dv 
m t = m t + l  
if(mt.lt.25)go t o  30 

when no fitting parameter is found, arbitrarily set it to 
zero, 

call erprnt ( 1 , 2 , 1 ,  mt, 0 , O  $ 0 ' 0 ,  
& 'il0,"iterations den2 fitting parameter has not converged."') 

& Indensity effect coxrection set: to zero."') 
call erprnt (1,2,0,0,0,0,0,0, 

30 

40 
5 0  

60 

X:: Z €?KO 
go to 50 

x::x0/2. dO 
go to 10 
if(abs(x/xo-one) . g t . l . d - . 6 )  go to 10 
d;: -X/  rc 
do 60 l=l,nt 
d-d+ Eo ( 1 ) *log (one+x/ eq ( 1.) ) 
I E! t urn 
end 

if(X.ge.Z€!XO)CJO to 40 

*ident i ts30 
brem * /  --.----------_-------------------.-..----------------------------- 

*i, bm. 6 <19130> 

c set up some temporary dyplamically allocated arrays for 
6 bremsstrahlung production calculation. 

*if -def,pointer, X 

*if def ,pointer, 1 

*i,bm.8 <19132> 

C 

dimension xu(l),x2(l),ti(l),xi(L) 

equivalence (das,xs,x2, ti,xi) 

pointer (kdy,xs), (kc ly ,x2 ) ,  (kdy, ti), ( k d y , x i )  

data ld/O/ 
save Id 

if (11x9 ( lnxs+16, l m e  ( llme+J , j md ( 9, jmd+mke ) 1 ) . nts .3 ) then 

do 100 k=2,ntop 

gbr(lpbr+n+nee*(ikc-l))peba(leba(9,~~ai~ntop,~~nee~(~c-l))/30 

do 110 k=2, ntop 

*i, bm. 11 <I91352 

*d, bm. 23 <19147> 

*d, bm. 61 <19185> 

*d, bm. 64 <19188> 

*d, bm. 66 <19190> 
1 eba( leba+ntop ,n+nes*(mkc- l ) )  
elSe 

c 

C bremsstrahlung production cross  sections based upon t he  evaluation 
C described in: 
C *cross sections f o r  bremsstrahlung produc:tion and electron- 
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C impact ionization," S .  m. selzter, in monte carlo transport 
C of electrons and photons, t. m. Jenkins, w .  r. nelson, and 
C a. rindi, eds. algorithm implementation based upon its3.0 and 
C fit values from its3.0 database. 
C set up dynamic memory. use the values for the first zaid 
C since they are equal. 

ix=lme(llme+3,jmd(ljmd+mkc) 1 
nm=nxs (Inxs+S, ix) 
kmrnxs (lnxs+6, ix) 
lr- (km+nm+ (nm+nee) *km) 
if(ld.eq.0)call chgmem(mdas,lfll, (1mb+lr)*ndp2,'brem4) 
if(ld.eq.O)lmb=lmb+lr 
Id= lmb- lr 
lx=ld 
1 t=lx+km 
ls=lt+Nn 
12 =Is +m* km 
do 320 n=l,lr 

320 xs (ld+n) =zero 
do 330 j=jmd(ljmd+mkc),jmd(l]md+mkc+l)-1 
ix=lme(llme+3,j) 
z=nxs (1nxs+2, ix) 
do 330 n=l,nm 
ti(lt+n)=log(exs(jxs(ljxs+S,ix)+n-l)) 
do 330 k=l,km 
xs(ls+n+(k-1) *nm)rxs(ls+n+(k-l)*nm)+ 

& z*z*exs (jxs (ljxs+S, ix) +km+n-l+k*nm) *fme(lfme+j 1 
330 continue 

do 340 k=l,km 
xi ( lx+k) =log ( (one-exs ( jxs ( ljxs+S, ix) +nm+k-1) +l. d-6 1 
do 3 4 0  n=l,nm 

3 40 xs ( Is +n+ ( k- 1 ) *nm) =log (xs ( ls+n+ ( k- 1 ) *nm) ) 
do 350 k=l,km 
in=l 
do 350 n=l,nee 
tl=log(eee(leee+n)) 
blxlog (one- (gpt 13) / (eee(leee+n) +gpt ( 3  1 ) ) * * 2 )  

* /  quadratic fit if spa1 is not desired. 
* /  350 x2 (12+k+(n-1) *km)=qpol(tl, ti(lt+l) ,xs(ls+l+(k-l) *nm) ,nm) 

350 x2(12+k+(n-l)*km)sSgOl(tl,ti(lt+l) ,xs(ls+l+(k-l)*nm) ,nm,in) 
& -bl 
do 390 n=l,nee 
eba ( leba+l, n+nee* (mkc-1) )=zero 
ins1 
do 380 kn2,nfop 
de=rkt (k) -rkt (k-1) 
do 360 n$=l,11 
ek(np]=rkt(k)-real(np-l)*de*l.d-l 
xp=log( (one-ek(ng) )+l.d-6) 

* /  quadratic fit if spol io not desired. 
* /  360 g(np)=exg(qpol(xp,xi(lx+l),x2(12+1+(n-l~*km~ ,h)) 

360 g(np) = e m  ( s p o l  (xp,xi (lx+l) ,x2 (12+1+ (n-1) *h), Ian, in) ) 
do 370 i=l,ll 

370  g(i)=g(i)/ek(i) 
380 eba(leba+k,n+nee*(rnkc-1) ) =  

& ( g ( l ) + 4 . d O * ( g ( 2 ) + g ( 4 ) + g ( 6 ) + g ( B ) + g ( l O )  ) +  
1 2,do*(g(3)+g(S)+g(7)+g(9))+g(ll))*de+ 
2 eba(leba+k-l,n+nee*(rnkc-l) 

C 
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C 3 0 = 3 *  (number of i n t e g r a t i o n  p o i n t s  -1) 
pbr ( lpbr+n+nee* (mkc- 1 ) ) =eba ( l .eba+ntop , n+nee* (mkc- 1) ) / 30. do 

L 

C n o r m a l i z e  the cumulative unb iased  probability, eba. 
do 3 90 k=2, n t o p  

330 eba(leba+k,n+nee* (inkc-5) ) =  
& eba(leba+k,n+nee*(mkc-l)) /ebaiLeba+ntop,n+nee*(mkc-l) ) 

e n d i  f 
* /  write the cross s e c t i o n s  f o r  v a l i d a t i o n  and debug 

do 601 n-1,nee 
write ( 1 7 ,  * )  eee( leecr+n) , pbr  (lpbr+n+nee* (mkc-1) ) 
write ( 1 8 ,  * 1 I new group ' , eee ( leee+n)  
do 601 k = l , n t o p  
wri te  ( 1 8 ,  * ) rlct ( k )  , aba ( lebac k, n+ nee* (mkc- 1 ) ) 

do 1 2 0  k-2, ncop 

6 0 1 
*d, bm. '75 <19199> 

*d, bm. I30 < 1 9 2 0 4 >  

c19210> *d, bm. 86 
I q=qpol (e/eee(leee+j) ,rkt,eba(leba+l, j+nee* (mkc-1)) ,ntop) 

do 130 k = 2 ,  neog 
*d, bm. 8 8 ,  bm. 89 <19212-19213> 

I. ebt(lebt+ntop,n+nee*(mks-l)) 
do 140 k=1, n t n p  

do 1 5 0  k=2, ntop 

do 160 k=l,ntop-1 

do 170 k=2,ntop 

do 180 k=l, ntop-1 

<19222> *d, bin. 98 

*d, bin. 1.03 <19227> 

*d,  bm. LO8 ~ 1 9 2 3 2 2  

*d, bm. 113 <19237> 

* /  
* / 
* i , b q . 7  correct: possible parameter a n d  constant mismatch < 1 9 2 7 3 ~  

br ang - - - -_ - - - - -ssl-----q----..--."--Y - -- - - - - I -- -- -_- - - - _I-_ _ _ _  
save ih, nl, n2, r2 
data ih/O/ 

i E ( i h . n e . 0 . a r . n x s ~ l n s + ~ 6 l ~ m ~ ~ ~ ~ m e + 3 , ~ m ~ ~ l . j m ~ + ~ c ~ ~ ~ . n e . 3 ~ g o  to 2 
i h = l  
nl=(mpng+3)/2 
n2=nl-1 
r 2 = f l o a t  ( n 2 )  
do 1 i=l,nl 

1 cm(i)=(f-f)/r2 
2 continue 

*i,bg.8 correct possible parameter and constant mismatch <19274> 

*d,  bg. 13 <19279> 
do 150 n=l,nee,nstp 

do 20 k=1,nwng 
20 ek(k)=rka(k) *s 

*d,bg.lS,bg.L6 <19281-19282> 

*d,bg.25,bg.27 correct possible parameter and constant mismatch <19291-19293> 
x i  (1) = (1. +. l*b* (11-L) ) / (1. +b) 
ch ( 1 ) = ( 11- l t .10 .  * b) / ( 10. +b* ( 11- 1) ) 
i f ( n x s ( l ~ s + l 6 , l . m e ( l l m ~ ~ 3 , j m ~ ~ l ~ m ~ + ~ ~ ) ~ ~ . ~ e . ~ ~ g o  to 30  
xi (l)=(one+b* (n3.-1) /r2) / (onecb) 
ch(l)=(nl-1+~2*b)/(r2+~*(nl-L) 

do 150 k=l,nmg 
30 continue 

*d,bg. l .04 <19370> 
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150 ech~lech+l,k,n/nstp+Ic(nee/nstp+l~*~mkc-l~~=min(max(zero, 
*i,bg.l05 write the cross sections for validation <19371> 

do 510 n=l,nee,nstp 
do 510 k=l,nwng 
do 510 l=l,mpng 

510 write(l9, *)n, k,l,ech(lech+l, k,n/nstp+l+(nee/nstp+l) *(mkc-1)) 
*i , m r .  6 blue 

integer*4 mz 
mz=n tas ks 
call mp-set-numthreads(mz) 

* i,m. 92 blue 
CSPAR PARALLEL DO 

141 call trnspt 
do 141 i=l,ntasks 

* /  get rid of incredibly huge number of restart statements 
*i,tn4xu.14 if(t2.ge.cp2(1)-l.)go to 50 

if(nrc.gt.50)then 
nrc =nrc + 1 
go to 60 

endi f 

mz =mg,rny,thr eadnum ( ) 
ktask=mz 

*d, ut. 27 blue 

* /  
colidp * /  -----------_------_*------------------------------------------- 

*ident flaug 
*b, cg .163 <26798> 

*i, cp4a. 16 <26874> 
if (its30 .ne. 3 1 then 

else 
errerg 
ie=iex 
ik-ipt 
call flaug(er., ie,mk,ik) 
endi f 

*addfile , c g  <26916> 
*deck flaug 

C 
subroutine flaug(er,ie,mk,ik) 

C a subroutine to generate fluourescent photons or auger 
C electrons to f i l l  vacancies. 
C 
C er=energy of absorbed photon or edge energy for kxray 
C ie=elemmt that is undergoing the interaction; for kxray it is 
C the highest z element. 
C mkrmaterial and ik=ipl: for kxray(3) or colidp(2) f o r  keeping 
C track of parent particle f o r  bookkeeping and vr .  
*call cm 

called by colidp and b a y .  

igtz2 
ntynd 
rg-0. 
if(ik.eq.2190 to 5 
velrslite 
ncp=O 
idx=O 

C 

C check for electron emission from impact ionzation. 
if(rangO.gt.wwk(lwwktmk))go to 80 

5 if (dbcn(20) .ne.O.)rp=l. 
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10 
2 0  

2 5 

3 0  

c 
C 

40  

41 

C 

C 

42 

43 

1. f ( nxs ( 1 nx s + 2 , i e ) .1 e . 1 1. ) go to 9 0 
i. 1= j x s  ( 1 j xs+4, ie) +2 
if(er.le.xss(il-1))go to 90 
do IO ka=il, il-3+nxs(lnxs+4, ie) 
i f  (er. le.xss (ka) )go to 20 
kaakacnxs (lnxsc4, ie) -1 
kO=ka 
ka=kO 
t3=xss(ka) *rang0 
ka=ka+nxs (Inxs+4, ie) 
if(ik.eq.3.and.t3.ye.xss(ka))go to 2 5  
if(ik.eq.2.and.t3,q@.xss(ka))go to 90 
r p = l .  
ka= ka- 1 
if ( t3 .1 t . xeis (ka) ) go to 30  

at least single fluorescence or auger electron. 
eg=xss ( ka-2 +nxs ( lnxs+4, ie) +I.) 
if(kpt(3) .eq.O)go to 40 
if(ik.eq.2.and.rangO .gt.wwk(lwwk+mk) )go to 8 0  
e=xss (nxs (lnxsc4, ie) +ka+l) 
if(e.lt.elc(2))go to 90 
if(ik.ne.2)go to 41 
paxtc ( 4,12,2 ) “paxtc ( 4,12,2 + 1, 
paxtc (5,12,2) =paXtc (5,12,2) +Wgt 
paxtc ( 6,12,2 ) =paxtc ( 6,12,2 +wgt*erg 
pwb(kpwb+2,18, i~l)=pwb(kpwb+2,18,icl)-wgt 
pan(kpan+2,3,mpan)=pan(lcpan+2,3,mgan)+wgt 
ed-0. 
if(nxs(lnxs+2,iu) .le.30)go tQ 60 
i=ka+l-Z*nxs (lmS+4, ie) 
if (i .ne. il. and. j. .ne. ilcl) go to 60 
i::il-2+nxs (1nx~+4, ie) 
~ ~ = N C S  ( 1 1 ~ + 4 ,  ie) +i+1 
i .ii(rang0 .ge.xss(ka)/(l.-xss(i))))go to 60 

double fluorescence. bank the second photon. 
erg=xss (nxs (1ws+4, ie) +ka) 
if(erg.lt.elc(2))go to 60 
if(ik.ne.2)go to 42 
paxtc (L,16,2) = p a t e  (1,16,2) +I. 
paxtc (2,16,2) =paxtc (2,16,2) +wgt 
gaxtc(3,16,2)=paxtc(3,16,2)+wgt*erg 
pwb(kpwb+2,14,icl)~pwb(kpwb+2,17,icl)+wgt 
go to 43 
paxtc (1,14,%) =paxtc(1,14,2) +1 
paxtc (2,14,2) =paxtc 1 2 , 1 4 , 2 )  +wgt 
paxtc (3,14,2) =paxtc (3,14,2) +wgt*erg 
pwb(kpwb+2,16,icl)=pwb(kpwb+2,16,icl)+wgt: 
ntyn=4 
call isos (uuu, lev) 
sw=wgt 
if (ik.ne.2)go to 44 
if (abs(wwp(2,4) ) .eq.l. .and. (idx.raq.O,or.wwp(2,5) .lt.O. 1 )  

L call wtwndo(4,ww) 
if (nter.ne.O)go to 50 
if(espl(2,X) .ne.O.)call ergimp 
if(nter.ne.0)go to 50 

4 4  npa=l 
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call bankit (9) 
ed=erg 
wgt=sw 
go to 60 

50 paxtc ( 4 ,  nter, 2) =paxtc ( 4 ,  nter, 2) +1. 
paxtc (5, nter, 2) =paxtc (5, nter, 2) +wgt 
paxtc (6, nter ,2) =paxtc (6, nter , 2  ) +wgt*erg 
pwb~kpwb+2,jrwb~nter,2~,icl~=gwb~kpwb+2,jrwb~nter,2~,icl)-wgt 
nter=O 

' 

6 0  if(ides.eq.O.and.ik.eq.2.and.egO-eg-ed.gt.e1~(3)) 
& call ernaker(1,egO-eg-ed) 
erg=e 
ipsc=99+ntyn 
call i sos  (uuu, lev) 
if (ik.ne.2)go to 61 
paxtc (1,15,2) =paxtc (I, 15,2) +l. 
paxtc (2,15,21 =paxtc(2,15,2) +wgt 
paxtc (3,15,2) =paxtc (3,15,2) +wgt*erg 
pwb (kpwb+2,17, icl) =pwb (kpwb+Z, 17, icl) +wgt 
go to 100 

if(jgp.le.-2) jgp=jgp+2 
paxtc (1,14,2) =paxtc(l, 14,2) +l. 
gaxtc ( 2,14,2 ) q a x t  c ( 2,14,2 1 +wgt 
paxtc (3,14,2) rpaxtc (3,14,2) +wgt*erg 
pwb(kgwb+2,16,ic1)~gwb(kpwb+2,16, icl)+wgt 
do 70 i=l,ndx(2) 

70 if ((xxx-dxx(2,1, i )  )**2+(y~-dxx(2,2,i) **2+ 

61 continue 

1 (zzz-dxx(2,3, i) 1 **2. lt .dxx(2,5, i) 1 idx=i 
if(ndet(2) .ne.O)call tallyd 
if(kdb.ne.0)return 
if (ndx(2) .gt.l.or.ndx(2) .eg.l.and.idx.eq.O)call dxtran 
if(kdb.ne.0)return 
call bankit(l8) 
go to 100 

C 
C make electrons either auger or photoelectric. 
C set igt=ik f o r  bookkeeping. 

80 iptmik 
if(ides.eq.O.and.eok(leek+mk).gt.elc(3).~d. 

1 (dbcn(2O).ne.O..or.er.ge.edg(ledg+mk))) I 
1 call emaker(4,eek(leek+k))) 

& ik.eq.2)call emakor(l,egO-rg*edg(ledg+mk)) 
90 if(ides.eq.O.and.egO-rp*edg(ledg(ledg+rnk) .gt.elc(3) .and. 

if(ik.ne.2)go to 100 
nterol2 
pan (kpWl+2 I 3 ,  InQm) 'Dm (kPm+2,3 I InPaIl) +Wgt 

100 continue 
return 
end 

* /  
* /  . .............................................................. 
* ident bnum 
*d, tb.23 ~ 2 7 1 8 5 ~  

*d, tb. 46 ~ 2 7 2 0 4 ~  

*ident its30 

ttbr 

pr=pr*abs (bnum) 

if(abs(bnum).gt.O..and.bnum.ne.l.)wgtnwgt/abs(bnum) 

'd, tb. 67, tb. 68 ~27223-27224s 
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p k = q p o l ( r n , e b t ( l e b t + l , m + n e e * ( m k c - l )  ) ,rkt,ntop) 
pa=qpol (rn, ebt (lebttl,m+L+nee* (mkc-1) 1 ,  rkt:, ntop) 

*d, t.b.73 

*d, t.b.75 

* i  
* /  __I- - - - - -_-* -___-oIp_-- . - - - - - - - - - - - - - - - - - - -  
*ident flaug 
*b,  kx. 2 4  

*I, kx.51 

do 110 jlz2,ntop-l 

120 do 130 j=2,ntop-l 

if(nxs~lnxs+l6,lme~lIme+3,jmd~~jrnd+mkc 

else 
bf(iphot.ne.O.or.fiml(~) .eq.O..or.eek( 

1 go to 80 
C 

eek+mkc) .le.elc(2)) 

C assume the electron has enough energy to excite the atom 
c above the threshold of the highest K shell energy of the 
C highest 2 atom of the rnatcjrial. 

7 L j m= j md ( 1 j mdt mkc ) 
do 7 2  j=jrnd(ljmd+rnkc), jmd(ljmcl+inkc+l) -1 

7 %  if(iza(lizs+j).gt.iza(liza+jm))jm=j 
ix=lme ( l l m e + 2 ,  jm)  
iex=ix 
mk=mkc 

* /  er=xss ( jxs ( 1 j xs*4 ,  ix) cnxs ( I.ruc:i+4, ix) - 1. ) * I.. 00001 
C 1.0001 assures round-off ctaes not give spurious results 
c 

er=edg (ledgcmkc) *1.0001 
if(er.gt.egO)er=egO 
i k = i p t  
call flaug(er, ix,mk, ik) 
cndi f 

* /  
br ems * /  _--.---------1-1-1-o-Ip--------------~-----------,----------------- 

*ident. its30 
*i, bb. 6 

C el is dimensioned to keep track af first, possibly real event 
C energy loss, and second and higher order events to keep track of 
C energy loss only f o r  production purposes. 
C ib flags real events in conjunction with numb vr use. 

*d,bb.lf. 

C 

dimension el ( 2  1 

rl.=rang ( ) 
gl=exp (-pr) 
i b - l  
iE((nxs(lnxs+l6,lme(l~m~~3,jm~(~jmd+mc) 1 )  .eq.O 

if (pr+tang ( ) . Lt . l .  ) return 

I .and.pr*rl.lt.l.).or. 
L (nxs(lnxs*16,1me(l1m~*3,jmd~~ljm~+mkc)~ l.eq.3.and.rl.lt.pl) )ib=O 
iL (numb+ib. cq. 0) return 

L 

C s e t  up to produce none, one, or more photons. 
npa=l  
nb= 1 

C 

c do splitting or roulette if bnum biasing is used. 
if (bnum. ne. one. and. dbcn (23 .ne!. zero then 

nb=abs (brim) +rang ( ) 
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if(nb.eq.0)then 
npa=0 
nb= 1 

endi f 
endi f 
wb=wgt 
if(bnum.ne.zero.and.dbcn(23).ne.zero) 

rb=nb 
wO=wb 
if(numb.eq.l)wb=wb*(one-pl) 
p s = p l  
do 240 nl=l,nb 
ie=rnin (nl, 2) 
el (ie) =zero 
if(nxs(lnxs+l6,lme(llme+3,jrnd(ljmd+mkc))~.eq.O~go to 5 
p 1 =ps 
ap=pl 
fatzero 

5 npb=npb+l 

1 wb=wgt/abs (bnum) 

*d, bb. 14 

*d, bb. 2 1, bb. 23 
* i , bb. 25 

wgt=wb 
*ident its30 
*d, bb4a.4 

bnum 
bnum 

es=egO-qo*dk-el(ie) 
if (es. It. elc (3 1 1 go to 200 

pk=qpol(m,eba(leba+l,m+nee*~mkc-l~),rkt,ntop) 
pa=qpol(rn,eba(leba+l,m+l+nee*(mkc-l)),rkt,ntop) 

*d, bb.40, bb. 41 

*i, bb. 43 debug print 
C write(20, *)erg 
* ident bnum 
*d, bb. 46 bnum <28936> 

C accumulate radiative energy loss f o r  first photon or all 
C .~ . 

C of them for bnum<O. 
el (ia) =el (ie) +erg 
if (nl .gt. 1 .and. bnum.lt. zero) el (1) =el (1) +erg 

if(ighot.ne.O.or.fiml~2).eq.O..or.es.~t.e1~~2~.or. 
*d, cor4-1.163 bnum 

& npa.eq.0)go to 200 
*ident its30 
*d,bb.54,bb.55 

gk=qpol(m,ebd(lebd+l,m+nee'(mkc-l)),rkt,ntop~ 
pa=qpol(m,ebd(lebd+l,m+l+nee*(mkc-l) ),rkt,ntop) 

do 60 j 1.12, ntop-1 
*d,  bb. 57 

*d, bb. 5 9  

*ident bnum 
*d, bb .7 1, bb . 7  4 

70 do 80 j-2,ntog-1 

bnum 
if (bnum. eq. 1.) go to 110 
if (dbcn(23) .ne.zero)go to 110 
npa=bnum+rang ( 1 
if (npa.eq.O)go to 200 
wg t =wg t / bnum 

*ident its30 

<28939> 

<28944-28945> 

<28961-28964> 
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*d, bb. 8 9 ,  bb. 105  
k= (m-1) / n s t p + l  
ek=eee (lee@+ (k-1) *r is tp+l )  -es 
el=es-eee(leee+k*nstptll 
do 140 j-2,nwng 

140 if(pj.ge.ska(j))yo to 150 
1 5 0  r j = r k a (  j-1) -pj 

sj=pj-rka(j) 
L=rn* (mpng-1) 
p l = r n c  (mpng-1) --l 
q1=1. - p l  
i - lechcl t .1  
mc=k+ (nee/nstp*l) * (mkc-1) 
i f ( n x s ( l n x s + l 6 , l m e l l I m e + 3 , j r n d l l j m d + r n k c ~ ~ ~  .eq.O)then 
c:x=4.*(ql*sj*el,*ech(i, j-1,mc) +pl*rj*ek*ech(i+l, j , rnc+L)c 

1. pl*sj*el*ech(i+l, j-l,mc)+ql*rj*el*ech(i, j,mc)+ 
2 ql * s  j *ek*ech ( i , j -1, m c t . 1 )  +ql *r j *ek*ech ( i , j , rnc+ L ) c 
3 pl*sj*ek*ech(i+L,y-L,~rc+ll+p3*rj*sl*ech(i+l, j,rnc))/ 
4 ( (rka( j -1)  -rka( j) ) *eee(leee+ (k-1) *ns tp+l )  ) 
else 

* /  f o r  exact its3.0 emulation. 
* /  rx-one-rn 
* /  lirx* (mpng-1) 
* /  pL=rx* (mpng-1) -1 
* /  ql =one-p1 
* /  i-lechclcl 

cx=2. do* (ql*s j*el*ech(i, j-l,mc) +pl*rj*ek*ech (i+l, j ,mc+l) + 
1 p L * s j *el *ech ( i+ 1, j - 1, me ) +ql* E j $'el * ech ( i , j , mc ) + 
2 ql*s j *ek*ech( i, 1-1 ,mc+1) +ql*rjfkek*ech(i, j, mc+l) + 
3 p l  *s j *ek*ech ( i+ 1, j -1, mc+l) *gl *i:j *el *ech ( i+l , j , mc) ) / 
4 ((rka(j-l)-~ka(j))*(eee(leeQ*(k-l)*nstg+l)-eee(leee+k*nstp+l) 1 )  
endi f 

*i,bb.l06 debug and verification 
C write(20, *)cx,am 
*ident bnum 
*d,  c0r4-1.169 bnum <29052> 

*idqnt its30 
*d, bb. 152, bb. 154 

if (dbcn (23 ) . eq. zero. and. bnum. gt: .l. ) wgt=wgt*bnum 

erg*e+g-el 
if ( m s  [ lnxs+lt, Lme (l,lme+3, jmd (Ijmd+mJcc) 1 1 . w. 0. or. ib. eq. 0) 
1 (30 to 240 
if (ib. eq. I. and. riumb. eg. 1) wb=wO 
fa=fa+one 
pT=pL*pr/ fa 
ap=ag+gl 
if(rl.ga.ap)ge to 5 

240 cmntinus 
j. f ( ib. eq. 0 return 
iL(dbcn(23) .ne.zero.and.bnum.l~.zero 

erg=erg-el( 1.) 
paxtc (6,12,3) = g a t e  ( € 1 ~ 1 2 ~ 3  1 +wyt*el(1 
if(el(b).ne.zero.and. 

1 el(l)=al(l)/rb 

I rsxs(lnxs+lCi,Ime(llme.c.~,jmd(L,jmd+mkc)) ).eq.3)then 
paxec(4,12,3)=gaxtc(4,12,3)*one 
paxtc (5,12,3) =gaxte (5,12,3)+wgt 

endi E 
return 

*addfile bb 
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'deck spol 
C subroutine spol (s,x,y,n, in, t), 15 jan 71. 

* /  function spol (s,x,y,n,m) 

C cubic spline interpolation with parabolic runout. 
*if def, cheap, 1 

function spol (s,x,y,n, in) 

C 

10 

20 

30 

40 

50 

C 
60 

implicit double precision (a-h,o-z) 
parameter (ln=1000) 
save 
dimension x(n) ,y(n) ,e(ln) ,u(ln) 
if(n.gt.ln)call ergmt(l,l,2,n,ln,0,0,1, 

if (in.ne.1) go to 30 
in=2 
nl =n- 1 
e ( 1 ) -1. dO 
u(l)=O.dO 
bl=x(2) -x(l) 
cl=(y(2)-y(l) )/bl 
do 10 j=2,nl 
b2=x(j+ll-x(j) 

b=x( j+l)-x(j-l) 

c=bl/b 
blab2 
cl=c2 
p=c*e(j-1)+2.d0 
e ( j ) = ( c-1 . dO 1 /p  
u (j ) = (d-c'u (j-1) 1 /p 
e(n)=u(nl) / (l.dO-a(n1) 1 
do 20 kk=l,nl 
k=n-kk 
e (k) =e (k) *e (k+l) +u (k) 
id=O 
m2r0 
ml =n 
if ( ~ ( 1 )  .Le. x(n)) go to 30 
id=l 
m2 on 
ml=O f 

if(s.lt.x(ml+id).and.s.gt.x(m2+1-id))go t o  40 
if(s.gs.x(ml+id))mu=ml+2*fd 
if (s.le.x(m2+1-id) )mu=m2+2* (1-id) 
go to 60 
ml =m2 
mu-ml: 
m3r ( m l + w )  / 2  
if (s.lt.x(m3) )mu-m3 
if (s.ge.x(m3) )rnl=m3 
if(iabs(mu-ml).gt.l)go to 50 
murmucid 

I I "  too large an argument in spol, increase parameter In"') 

c2 = ( y ( j +l ) - y  ( j ) 

d= (~2-Cl) /b 

/ b2 

spolr(e(mu-1) * (  ~ x ( m u ~ - s ~ * * 3 ~ + e ( m u ~ * ~ ~ s - x ( m u - 1 2 $ * * 3 ~ +  
1 (y(mu-1)-e(mu-l)*( (x(mu)-x(mu-l) )**2))*(x(mu)-s)+ 
2 (y(mu) -e(mu) * ( (x(mu) -x(mu-l) 1 * * 2 )  ) * (s-%(mu-1) ) ) / 
3 (x(mu)-x(mu-l) 1 
return 
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0 2 / 1 7 / 9 8  IGWMIGWM) 
<42172r 

<42196-42197> 

and 
* /  
*iaent  ge4b2 
* /  *i,ge.4 
* /  integer*4 i 
* /  Uncomment the following f o r  DVE‘ on PCDOS. 
* /  *i,ge.3 
* /  use dfport,only:iaxgc 
* /  use dflih,only:getarg 
* / *d, ye4a. 8 ,  ge4a. 3 
* /  * i f  def,pcdos,S 
* /  h.:’ ’ 
* /  j = O  
* /  do 1 0  i=l, iargc 0 
* /  call cjetarg(i,hm(j-+l.:)) 
* /  1 0  j=j+leng(hm(j+l:))+l 
* /  
* /  ________________---____________________I-------- - - - - - - - - - - - - - - -  

*ident se4b2 
* /  Unc:omment t h e  foll.owing f o r  DVF on PCDOS. 02/17/98 (GWMfGWM) 
* /  *d,se4a.4,se4a.6 < 42 8 2 0- 42 8.2 2 > 
* /  *d, se4a. 8, se4a. 15 <42837-42844> 

secnd 

*! *if def,pcdes,l 
* /  call cpu-time(t) 
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Patch to 4B with a few parallel enhancements: 

C <<<cc makemcnp changes f o r  MCNP4B2 >>>>> loddat 09/22/97 
c 

c For each fix, enter five integer parameters on one line in free 
c format, ip(1) -ip(5) described below, followed by the appropriate 
c number of new lines. 
C 

c ipll) = 
c ip(2) = 
C 1 =  
C 2 =  
C 3 =  
c ip(3) = 
c ip(4) = 
C 1 =  
C 2 =  
C 3 =  
C 4 =  
c ip(5) = 
C 

C 

C 

The applicable computer system number o r  0 for all systems. 
The file number: 
patchf 
ma kemcnp 
patchc 
The applicable line number to edit-see the MCSETUP source. 
The alter code: 
insert the following ip(5) line(s) before line ip(3) 
replace line ip(3) with the following ip(5) line(s) 
insert the following line after entry ip(5) of line ip(3) 
delete lines ip(3) through ip(5) 
The number of new line(s) if ip(4)=1,2 
The entry number if ip(4)=3 
The last line number to delete if ip(4)=4 

c 
C = i p ( 5 )  i f  ip(4)=1,2 
C = 1 if ip(4)=3 
C = 0 if ip(4la4 

The number of new lines that follow ip(lI-ip(5) is given by: 

..................... FIXES FOR SYSTEM 1 (Gray UNICOS) * * * * * * * * * * * * * * * * e  

C 
C Add the *define t3d for the Cray T3D. 
C 1 1 2 1 1  
C *define t3d 
C 
C Provide links to the T3D compilers and linker. XTM:GWM-95-128 
C Change the CFT77 compile line. 
C 1 2 1 8 1 4  
C export TARGET; TARGET-CRAY-33D 
C In -9  /mpg/bin/cc cc 
C In - 9  /mpp/bin/cft77 cft77 
C In -s /mpp/bin/mppldr segldr 
C Provide links to the T3D compilers and linker. XTM:GWM-95-128 
C 1 2 2 6 2 1  
C cft77 compile 

C Add CFTLIB library on UNICOS for profile timing. 0 6 1 3 0 1 9 5  (GW) 
C 1 2 28 3 10 
C -L/usr/local/lib -1prof 

C 

C 
C 2 2 1 8 3 4  
C -I/usr/openwin/include/Xll 

Add a second X-window include path f o r  some SunOS systems. 

C Add a link to the ANSI C library (1ibansi.a) on some SunOS systems. 
C 2 2 29 3 10 
C -L/home -1ansi 
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C 

3 2 3 0 2 1  
PVM libraries must go first f o r  pvm version at: some installations. 

xlf -0 mcnp * . o  -L/usr/Lanl/pvm3.3/lib -1fpvm3 -1pvm3 -L/usr/lib -1X11 

c + + * * * + * * * + * * * * * *  FIXES FOR SYSTEM 6 (DEC ONIX and PC LINUX) * * * * * * + * * * + *  

C The following 7 lines enable GNU F77 compilation on LINUX. 
C Tim Goorley, jgoorley@rnit.edu XTM-RN(W97-028) 7/21/97 
C 6 1 2 1 1  
C define 1. inux 
C 6 2 2 7 3 1  
C -00 
C ti 2 28 4 28 
C 6 3 2 1 1  
C *deEine l i n u  

C 

c********************* FIXES FOR SYSTEM 7 (PC DOS ) * e * * * * * * * * * * * * * * *  

C 

C The following lines enable dvf F90 compilation on BOS/WIM)OWS. 
7 2 4 2 5 9  
if exist Elib de l  flib\*.for 
if exist olib del olib\*.obj 
if exist compile del comgi1.e 
if exist newid del newid 
if exist patch del patch 
copy prpr . i d  prpr . for 
f90 prpr. for 
del. prgr.for 
COPY makxs.id codef 
type gatchf I f ind "*defineL > patch 
prpr 
rename compile makxsf.€or 
€90 niakxsf. for 
del makxsf. for 
del codef 
del patch 
del  newid 
type patchf I find * * d e f i n e  pcdos' I find 'xlib" 
if errorlevel 1 goto  noxwinl 
if exist  mcnpc.c del rncnpo.~ 
copy mcnpc.id codef 
copy patchc patch 
PrPr 
renqme compile rncnpc.c 
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del codef 
del patch 
del newid 
hcx86 -E387 -DMSDOS -Hoff=protection -I\dvx\include -c mcnpc.c 
: noxwinl 
copy mcnpf.id codef 
copy patchf patch 
prpr 
del code€ 
del patch 
del newid 
fsplit compile 
if errorlevel 1 goto nosplit 
del compile 
f90 /compile,only /optimize:4 *.for 
g o t o  link 
:nosplit 
rename compile mcnp.for 
lf90 -c -nw -00 -mod \lf9040\lib mcnp.for 
:link 
move mcsetup.for mcsetup.id 
if exist mcsetup.obj del mcsetup.obj 
if not exist flib mkdir flib 
move *.for flib 
move mcsetup.id mcsetup.for 
type patchf 1 find ‘*,define pcdos‘ 1 find “lib‘ 
if errorlevel 1 goto noxwin2 
set 1ib-\f7713\lib;\hcx3\small;\dvx\lib\hcx87 
lf90 Bautomake.rsp \lf9040\lib\hcx20.abj mcnpc.obj -lib hcx86,hcx87,hcna,xll,sys - 
nomap -ex0 mcnp.exe 
goto end 
: noxwin2 
f90 /exe:rncnp.exe * . o b j  
: end 
if not exist olib mkdir olib 
move *.obj olib 
7 2 5 4 5 2  

9 1 2 1 1  
*define multt: 

9 2 5 2 1  
nn -rf compile newid patch codef flib olib 

9 2 1 3 2 1  
nn -f newid codef patch * . f  *.o 

9 2 1 4 2 1  
In -9 mcnpc.id codef 
9 2 1 5 2 1  
In -9  patchc patch 
9 2 1 8 2 1  
cc -64 -g -c -I/usr/include mcnpc.c 

9 2 1 9 2 2  

C 

C 

C 

C 
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rm - E  codef p a t c h  
mv newid newidc 

9 2 2 0 2 1  
In - s  rncnpf.id codef 
9 2 2 2 . 2 1  
In -s gatehf  pa tch  

9 2 2 4 2 2  
rm - E  compile codef p a t c h  clog 
mv newid  newidf 
9 2 2 7 2 1  
€77 -64 -mp -02 -TARG:madd=OFF -OPT:Olimit=3000 -c *.f 
9 2 2 8  2 L 
f 7 7  -64 -mp -00 -TARG:madd=OFF -OPT:01imit=3000 -c trnspt. f 
9 2 30 3 1 
-64 -mp 
9 2 30 3 12 
\ 

9 2 3 1 1 2  
-WL, -Xlocal,pblcom_ -WL, -Xloca l ,  tskcom-" -W1, -}[local, itskpt- 

C 

e Delete lines 2 - 1 0  of PATCHF. 

c Add this entire patch to PATCHF. 

* /  Inteyrate your patch with the €oLlowing. If your patch makes changes 
* /  to the ZC, W, CM, GS, ME, or BD decks, contaC!t MCNPBLANL.GOV for 
* /  deta.ils on inc luding  your patch via the 1NSTALL.FIX file. When 
* /  intugrating your patch, be sure the' order of the changes (increasing 
* /  in Line number) is preserved t o  avoid a PRPR error: See Appendix 
* /  6,  page 6-8 in the MCNP manual f o r  more details. 
* /  
* i d e n t  i t s 3 0  
*d, zc4b. 1 <21> 

*d, zc4b.6,zc4a.8 <27-28> 

0 1 2 4 1 0  

OlLJ.2 

parameter ( kod= mcng ' , ver= ' 4bnu ' ) 

I mink=200, migt-3 ,mjsf=9,mkft=9, mktc~22, mlgc=1000 ,mpb=5 ,mpng=21, 
2 mseb=301,m~pare=3,m~ap=89,m~~g~~mtop+l~/2,mstg=4,mbng=51, 
2 mxdt = 2 0, mxdx- 5, mlv= 10, 

*d,zc4b.l2 <47> 
* /  include the fundamental constant: cralec=classical electron radius. 
* /  c~elec~planck*slite/(2dOYpie*fscon*~~t(3~~ 

9 ~uler~.S77~15664901532861dO,crelecn2.817938Od-l3, 
* d ,  wrlb. 1, w4a.  2 4 5 - 5 6 >  

common /tables/ gpt (mipt) , q f i s s  ( a 3  , rktc (mtop) , 
* /  a fixed array if rka is not  read frrsm the database. 
* /  I. rkac(mbng1 I 

1. talb ( 8 , 2  1 , vco (mcoh) , vic (minc) , wco (mcoh) , 
*d,cm4b.2,cm4b.3 < 8 5 - 8 6 >  

parameter (nf  ixcm=maxi+3 *maxv+2*mtsp+mipts* ( 24+mxdt+7*mxdx) +nsp+ 
L 10 5 +&rig, l Eixcm=3 *mxdt+rnink+l, I.*mip t+2 *MXV k2 *mxf +2 8 1+2 +6 ) 

*d, cm4b. 5 blue 

* d ,  em4b. 6 
parameter (nephcm=~8+mcgu,~ephcmrnptr+~~vr+nco~or+6~~ 

common /fixcorn/ bbrern(mtop) ,bcw(2! ,3)  ,bnum,calph(rnaxi) ,coinGd, 
1 rkt(mtop),rka(mbng), 

*d, cm. 36 e107> 
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4 indt, ink(mink) ,iphot, iplt, iptY(mipt), isb, issw, istern, its30, 
1 istrg, 

7 mtasks, nlat, nsrc, 
& ntop,nwng,nstp,numb, 

4 lscr , ldrc , lemi, Icon, lmb, 
4 lfdd,lgnr,lpik,lptb,lptr,lpts,lrng,lrtc,ltgp, 

<112> * d , cm4a. 7 

*d,  cm4b. 26 <132> 

*d,cm4b.34 blue 

*d ,  cm4a. 89 <299> 
common /ephcom/ cpO,cPl,cp2 (mcpu) ,cp3,cpa,ctme, fpi, freq, 

dimension scr(1) ,drc(l6,1) ,emi(l) ,cond(l), 
& fdd(2,l) ,genr(l) ,pik(l) ,ptr(l), 

*d,cm4b.137,cm4b.138 <304-305> 
equivalence (das,scr,drc,emi,cond,fdd,genr,pik,ptb,ptr,pts,rng, 
1 rtc, tgp, ifl, ipac2,ixc, jfl, jft, jmt, kmt, ktc, kxd, lbb) 

<307-313> *d,cm.276,cm4b.141 
pointer (kdy,scr), (kdy,drc), (kdy,emi), (kdy,cond), (kdy,fdd), 
1 (kdy,genr), (kdy,pik), (kdy,ptb), (kdy,ptr), (kdy,pts), (kdy,rng), 
2 (kdy,rtc), (kdy,tgp), (kdy,ifl),(kdy,ipac2), (kdy,ixc), (kdy,jfl), 
3 (kdy, jft), (kdy, jmt), (kdy,kmt), (kdy,ktc), (kdy,kxd) , (kdy,lbb) 

*i,lkon.l2 blue 

*i,lkoff.l2 blue 

*d, bd.14, bd.17 <422-425> 

if (jlock.eq.-1)call mp-setlock0 

if (jlock.eq. 1)call mp,unsetlock( 1 

data rktc/.001,.00125,.0015,.00175,.002,.0025,.003,.0035,.004, 
1 .0045,.005,.0055,.006,.007,.008,.009,.01,.0125,.015,.0175,.02, 
2 .025,.03,.035,.04,.045,.05,.055,.06,.07,.08,.09,.1,.125,.15,.175, 
3 .2,.25,.3,.35,~4,.451.5,.55,.61.7,~8,.9,.9999,40*1./ 

* /  data rkac/.9999,0.8,0.6,0.5,0.4,0.3,0.2,0.15,0.1,0.08, 
* /  1 0.06,0.05,0.04,0.03,0.02,0.015,0.01,0.008,0.006,0.005,0.004, 
* /  2 0.003,0.002,0.0015,0.001,0.0005,0.0002,0.0001,0.00005, 
* /  3 0.00002,0.00001,0.000005,0.000002,0.000001,17*0.0/ 
* /  data rktc/0.000001,0.0000015,0.000002,0.000003,0.000004, 
* /  1 0.000005, 
* /  1 0.000006,0.000008,0.00001,0.000015,0.00002,0.00003,0.00004, 
* /  2 0.00005,0.00006,0.00008,0.0001,0.00015,0.0002,0.0003,0.0004, 
* /  3 0.0005,0.0006,0.0008,0.001,0.00125,0.0015,0.00175,0.002,0.0025, 
* /  4 0.003,0.0035,0.004,0.0045,0.005,0.0055,0.006,0~007,0.008, 
* /  5 0.009,0.01,0.0125,0.015,0.0175,0.02,0.025,0.03,0.035,0.04, 
* /  6 0.045,0.05,0.055,0.06,0.0~,0.08,0.09,0.1,0.~25,0.1S,0.175,0.2, 
* /  7 0.225,0.25,0.275,0.3,0.325,0.325,0.35,0.375,0.4,0.425,0.45,0.475, 
* /  8 0.5,0.525,0.55,0.575,0.6,0.65,0.7,0.75,0.8,0.85,0.9,0.95,0.97, 
* /  9 0.99,0.995,0.9995,1.0/ 
*d, bd4b.3 

t ty int * /  . ............................................................. 
*ident tt4b2 
* /  uncoment (delete 1st 3 columns) of next 2 lines to enable LAHEX F90 
* /  compilation on WS/WINwWS.  07/07/92 (GWM/GWM) 
* /  * d ,  tt4a.28 <lo142 
* /  call breaktlockl) 
* /  
* /  Unconunent the following for DVF on PCWS.  02/17/98 (GWM/GWM) 
* /  *i,tt4a.3 <9897 
* /  use dfport,only:signal 
* /  *d,tt4b.5, tt4a.28 <1012-1014> 
* /  *if def,pcdos,l 

3 hsd/'sequential','ditect'/,ibin/'fdusmcet'/,loddat/'O3/2O/99i/l 
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* /  k=signal(2,pttyin,-l) 
*i+?nt i t s 3 0  
*dljc4b,l. f o r  Conductor specificati.on <1548> 

*d, ib. 7 2  

*d,ib4a.l0 €or conductor specification <1677> 

setdas * /  _____-__-------- - -I-___l______m_____l___--------- - - - - - - - - - - - - - -  

*d, sd. 46 <3348> 
* /  e1.t way used 
* /  ns=8 

parameter (nkcds88, ntalmx=LOO, nropts=6) 

data cnm(54), (krq(i,54), i=1,7) /'phys ' , 0 ,  I . ,  0,1, -1, 10,0/ 

data hmopt/'ga::', 'estep', 'nlib', 'plib', 'elib', 'cond'/ 

n s = m s  tp 
Xedg=lech+mgng*mwng* (nee/ns+l) *nmatl*ke 

*d,sd4b.13,sd4b.l4 
Ifcdg=lx85+1Q*runatl*nee 

*d,sd.169 for conductor specification 
Lcon=lemi+nmatl*ke 
%fdd=lcon+nmatl* ke 

* i , ce4a. 182 

c3488> 

*d,ny4a..36 f o r  conductor specification 
if(mlc.eq.6.and.nee.gt.O)contl(lcon+nmat)=ritm 
i f (mlc . l e .2 .or .mlc . eq .b )go  tu 728 

* iderit bnum 
*d,py.443,ny.444 

<5445> 

<5529-5530> 
if (nwc.eq.6)then 

* /  allow for negative bnum f o r  average energy loss calculation in brems. 
* /  automatically reduce the subsequent electron production. can be over- 
* /  ridden by user with enm sgecifj.c:ation. 

bnum=ritm 
if (bnum.ne. zero) 

1 enum=one/abs (bnum) 
endif 
if (nwc . eq. 10 ) nunb=1 
if ( ri tm. 1 t . 0 . . or. &S ( 1. -ri tm) .1 t: . .00001) return 

*iden& its30 
*d,qy.744,ny.745 <5830-5831> 
1480 if(nwc.le.49)bbr~(rc)~l./ritm 

if (nwc . gt .49 ) mbi ( I&i+nwc-49 =- ii tm 

610 iE (nwc . It - 49) sal1 efprnt: (2,1,2, nwc, 49,O 0, 0 , 

m=49+max()rpt:(3) ,kpt(2) * (1-idee) *mat1 

*d,ocQs.26,oc4a.28 <6306-6308> 

1 '"too few eneries:m,iS,m were r'eacl,*,iS,' are required.") 

* /  --1--LI-I-_U-__Y_..---~-~~--------~,--~--------.------------------ getxst 
*i, aor4-2.161 

* i , gt . 2 13 
* /  define an i t s 3 0  flag only to ensure that its3.0 treatment is done 
* /  in xsgen and colidg when nxs may ha,ve been zeroed. 

iE(nt.ne.O)lrnb=mblndp2 
<16597> 

if(its30.eq.O)it:s3Ornxs(lNcscl6,iex) 
if (its30.ne.m~ (ln~s+l6, iex))caJ.l ergrnt (2,1,0,0,0,0,0, 

1 1,'" electron tables age incompatible.") 
* /  
* /  _-__..__--I-------.-_-______1____11_____1_-------~--------------- xsgen 
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<17823> * i, xg  .11 
* I  nwng=mwng 

ns tp=ms tp 
* /  do 2 i=l,mbng 
* /  2 rka(i)=rkac(i) 

if (its30.eq.3)go to 5 
n top=4 9 

nwng=25 
nstp=8 
do 1 i=l,mtop 

do 3 i=l,nwng 

* /  mwng,ell=(mtop_ell+l)/2 

1 rkt(i)=rktc(i) 

3 rka(i) =rkt(ntop-2*i+2) 
5 continue 

<17829> *i,xg.l7 
C . 0 0 0 5 7 9 = ~ e l e c t r o n _ r a d i u s ~ * * 2 / f i n e _ s t r u c t u r e ~ c o n s t a n t * l e 2 4  
C and z + l  has been replaced with z+eta, where eta accounts 
C for electron-electron bremsstrahlung. 
C "cross sections for bremsstrahlung production and electron- 
C impact ionization,. s. m. selzter, in monte carlo transport 
C of electrons and photons, t. m. jenkins, w. r. nelson, and 
C a. rindi, eds. 

f=O. 00579 
if(nxs(lnxs+l6,j).eq.3)f=crelec*crelec/€scon*l.d24 

*d,xg.l8,xg.21 its3.0 radiation yields. <i7a3i> 
* /  set up this way to allow for tracking the test problems. 

if (nxs(lnxs+16, j) .eq.3)go to 11 
do 10 i=l,nxs(lnxs+3,j) 
exs ( j xs ( 1 jxs+2, j +i- 1) =log (exs ( jxs ( 1 jxs+2, j 1 +i-l) /gpt ( 3 ) ) 

10 exs ( jxs (1 jxs+2, j 1 + ~ X S  ( lms+3, j 1 + i-1) = 

go to 18 
11 do 12 i=l,nxs(lnxs+3,j) 

exs ( j xs 1 jxs+2, j ) +i-l) slog (exs ( jxs ( 1 jxs+2, j ) +i- 1 ) / g p  t ( 3 ) 
floexs (jxs (ljxs+2, j +2*ms (1~ts+3, j) +i-l) 

12 exs ( jxs ( 1 jxs+2, j ) +nxs ( 1nxs+3, j +i-l) = 

if(nxs(lnxs+9,j).gt.mtop)call erpmt(l,l,2,nxs(lnxs+9,j),mtop,O, 

1 .000579*z*(z+l.)*exs(jxs(ljxs+2,j~+nxs~l~s+3,j~+i-l~ 

1 f * z *  ( z+ f 1) *exs ( j xs ( 1 jxs+2, j ) +nxs ( lnxs+3 I j ) +i- 1) 

1 0,1, nxs(9) greater than mtop.") 
* /  load values into rkt, rka, ntop, nwng only once. 
* /  if exs is sacrosanct in the future this code can a l l  be expunged. 

if (ntog.ne.O)go to 35 
ntog=nxs(lnxs+9, j) 
nwng-nxs t lnxs+lO, j 1 
if (nwng. gt . 3 4 )  call erprnt ( I, 1,2, nxs (lnxs+lO, j ) ,34,0, 

1 0,1, ~ ( 1 0 )  greater than 3 4 . " )  
* /  perform a linear interpolation on b b r m  f o r  bins one cannot specify. 
* /  interpolate on tho low end o f  the biasing input;. store values in 
* /  eba temporarily and then reload them and zero eba again. 

if(bbrem(l).cq.zero)go to 16 
n7=max (1, ntop-47 1 
do 14 i=ntop,n7,-1 

n8=max (1, ntop-48 ) 
do 15 i=n8,1,-1 
eba ( leba+i ,1) =bbrem ( 1) + (bbrem( 2 1 -bbrm( 1) * 

1 (exs ( jxs ( 1 jxs+9, j ) +i-l) -exs ( jxs ( 1 jxs+9, j ) ) ) / 
1 ( exs ( j xs ( 1 j xs+9, j +n8 1 -exs ( jxs  ( 1 j xs+9, j 1 1 ) 

14 eba(leba+i, 1) =bbrem(49-ntog+i) 
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15 Lf(eba(Leba+i,l) .le.zero)eba 

C load photon energy ratios 
C also load in interpolated 

rkt ( i ) =exs ( j xs ( 1 j xs t9, j 1 + i - 1 
if(i.le.nxs(lnxs+lO,j))rka(i 
if (bbrem(L) .eq.zero)go to 17 
bbrem(i) =eba(leba+i, 1) 
eba ( lebaci, 1) =zero 

17 continue 
go to 3 5  

18 continue 

35 continue 

C 

16 do 17 i=l,nxs(lnxs+9,j) 

* i , xg . 2 7  

* i , xg . 9 2  

Leba+i,l)=rnax(bbrem(l) ,eba(leba+l,l)) 

from database into fixed arrays, 
bbrem values if needed. 

=exs( jxs(ljxs+lO, j)+i-l) 

* /  istern is a flag € o r  the sbs density effect treatment and if 
* /  non-zero is the memory offset. 

* I  bug repair  
*d,xg. 122  

cn=zero 
do 165 j=jmd(ljmd+mkc), jmd(lirnd+mkc+l) -1 

165 if ( iz . eq, iza ( liza+j 1 / 1000 cn::cn+€me (lFme+j ) 
cn=min(iz,%)*cn/(a*3.) 

if~nxs(lnxs+l6,lme~llme+3,jmtl~ljmd+mkc~ 1 ).eq.3)istern=l 

cn=min ( iz , 2  ) * f m e  ( 1 Erne+ jm) / (a*3 . I  

*d,xg.135 correct xnum bug which precludes turning electron impact 
* /  ionzation k-xrays off. 

*i,xp.139 
* /  to become ink(86) 

i f (xnum. ge . zero) xnm ( lxnmcmkc) -?xrium 

iE(ink(85) .eq.O)gs to 180 
af=avgdn/aa 
write(iuo, (/29helectron secondary groductj.on,75x, 

write (iuo, ' ( 
1 14hprimt: table 8 6 / ) ' )  

1 9~,6henexgy,Llx,L4hstopging gower,llx,5hbrems,3~,9hthick tgt,3x, 
2 7hk x-ray,3~,8hknock-on/ 
3 4x,lhn,14x,l9hcolLision radiation,3~,5htotal,l5~,5hbrems,16x, 
4 /10~,3hmev,6x,29hnev barn mev barn mev barn ,3x,5hbarn , 
5 :L6x, 4hbarn, 6x, 4hbarn) ' ) 

(lo 175 n=nee-L, 1, -1. 
nIc=n+nee* (mkc-1) 

175 wsite(iuo,l76)n,eee(~~~~4n),xse~5~1~85+1,nk~/a€, 
1 xse85(1~85+2,nk)/ai,xss85~1~85+3,nk)/af,~br~l~br~nk~, 
2 pbt ( lpbtcnk) , pxr (lpxr+nk) , pkn lpkn+nk) 

176 format (iS,lpe12.4,2 (lx, 5el0.3) ) 

i.k' (its30, eq. 3 )  rka (1) =one 
* i , xg .I40 

* /  debug prints remava for integration. 
close ( 17 1 
close(l8) 
close (19) 

*ident bnum 
*i,xg.142 set secondary electron to 1% arbitrarily €or numb biasing. 

* i , xg ,145 
if (numb. eq. L. and. enm. eq. I. ) eii\m=l. / 100. 

if (numb. eq .1) write ( fuo, 295 ) 
195 €ormat(' bremsstrahlung generated on each electron substep.', 

1 / ,  secondary electron production reduced by 99%. ' 1 

<17965> 
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ronge * /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* i, rn4a. 4 < 1 8 7 0 9 >  
C 
C 

C effect calculation. 

*if -def ,pointer, 1 

*if def,pointer,l 

*d, rn. 11, rn. 12 

set up some temporary dynamically allocated arrays f o r  density 

dimension fo(1) ,eq(l) ,xq(l) 

equivalence (das, fo,eq,xq) 

pointer (kdy, fo), (kdy,eq), (kdy,xq) 
c18728-18729s 

C obtain an average density for a cell with the same material but 
C different densities. 

rh=zero 
nh=O 
ic=O 
do 10 i=l,mxa 
if(mat(lrnat+i).ne.mkc)go to 10 
if(ic.eq.O)ic=i 
rh=rh+rho(lrho+i) 
nh=nh+l 

if(nh.eq.0.or.rh.eq.zero) 

rh=r h/ nh 
*d,rn4b.16 f s l .  13 

iz=iza(liza+jmd(ljmd+mkc))/lOOO 
do 15 j=jmd(ljmd+mkc)+l,jmd(ljmd+mkc+l)-l 

15 if(iz.ne.iza(liza+j)/lOOO)go to 16 
go to 21 

16 f=1.13 
*d, rn .23 , rn .3 0 

10 continue 

& call exgirx(O,'ronge','zero density or non-existent material') 

<18753-16759> 
C az is zoa in the notation of sternhiemer, berger, seltzer. 
* /  using this locution gives better agreement with its3.0 instead of crelec. 

C 
C 
C 

31 

C 
C 

40 

cr=planck*slite/ (2dO*pie*fscon*&t (3) 1 
pl=2d+lE*cr*gpt (3) *fscon*sqrt (pie*cr*rh*az) 
su=2. dO * log (sr/pl) 
if(istern.ne.0)go to 40 

sternheimer and peierls treatment. 
cb=su+l. 

cb=2.*log(sr/(37.1*sqrt~az*rho~lrho+ic~)~~+l. 
if(emi(lemi+mkc).aq.O.)go to 31 
&=4+min(l,int(cb/12.25)) 
xa=max(. l*one*min(20,max(l6, int ( 2 .  *Cb) - 3 )  1 , .326*cb-2.5) 
go to 49 
xb=2+min(l,int(sr/100.)) 
xa=max(.2+zero,.326*cb-.5*xb) 
go to 49 

sternheimer, berger, and seltzer treatment. 
lr=O 
11-0 
12=0 
do 41 j=jmd(ljmd+mkc) , jmd(ljmd+mkc+l)-1 
ns=nxs(lnxs+ll,lme(llme+3,j)) 
zs=exs(jxs(ljxs+ll,lme(llme+3,j))+ns-l) 
if((cond(lcon+mkc).eq.zero).and.(zs.gt.zero))ll=ll+l 
if((cond(lcon+mkc).gt.zero).~d.(z~.lt.z8~0~~12~12+1 
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41 l r = l r + n s  

check conductor or non-conductor assignment. 
if assigned by cond.rO, ot = O  and at least one  non-conducting 
component. conductor if assigned cond>0 and at least one 
conducting component, or cond=O and no non-conducting 
components, 

non-condiictor 

*f(cond(lcen+mkc) .ne.zero)go to 42 
Lf(ll.ne.O)go to 47 
c:ond (lcon+mkc) =one 
<:a11 erprnt ( 1 , 2 , L ,  ntkc, 0, 0, O , O ,  

go t o  47 

if(cond(lcon+mkc).eq.-one)go to 43  
call erprnt ( 1 , 2 , 1 ,  ntkc, 0, 0, 0, 0 ,  

call erprnt(l,2,0,0,0,0,0,0, 

& ' "material ' I ,  14, " has been :set to a conductor" I )  

42 if(l2.ne.O)go to 47 

& "material" , i4, * has been bet: to a non-cenductor" ) 

& ' "no conduction electrons avai lable"  ' ) 
43 cond(lcon+rnkc)=zero 

C 
6 add memory f o r  temporary arrays.  

47 i€(istern.eq.l)istern=lmb 
i f ( lmb-is tasn.gt .3*lr lge t o  48 
17=(3*lr+iste+n)*ndg2 
if(lfll.2t.17)call chgmem(mdius,XflI,17,'roxige') 
lmb=17/ndp2 

call denl(az,su,pl, fo(lcl+l) ,eq(ld+l+lr) ,xq(ld+l+2*lr) ,nt,wt, tm) 
if (nt.gt. Is.) call erprnt (1,1,2, lr:, nt, 0,0, 0, 

4 8  ld=istern 

1 "memory problem ' , i4, allocated ,i4, " used, ' ) 
49 continue 

* i , r n  . 4 5  
*d, m . 4 8 ,  rn. 49 

.in=l 
if (nxs ( Lnxsc 16, lme ( 1 lme+3, jmd ( 1 jmdcmks) ) . ne. 3 ) bl ( k )  =bl ( k )  + 

1 mol( log  ( 9 )  , ex3 ( jxs ( 1 jxs+2, ix) ) , exs ( j xs ( 1 jxs+2, ix) + 
1. nxs ( 1nxs+3, ix) ) , nxs ( lms+3, ix) ) * €me ( Ifme+ j ) *4p t ( 3 * ( s+ l .  ) 

1 s p o l (  log  ( s ) , exs ( jxs ( ljxs+2, ix) ) , exs ( jxs ( 1 j xs+2, ix) + 
1 nxs(lnxs+3,ix)) ,nxs(lnxs+3,ix) ,in)*fme(lEme+j)* 
1 qpt(3)*(s+l.) 

i L (nxs ( 1nxs.e 16, lme ( llm(3*3, jmd ( L jmd+mkc ) . eq .3 ) bl (k) =bl ( k )  + 

60 continue 

d=zero 
*d,rn.53,rn.57 <18782-18786> 

i.f(istarn.eg.0)go to 65 
call den2 (s m, fo (Pd+1) , eq( l d + l + l r )  , xq( ld+1+2*lr) , nt, w t  d) 
go to 69 \ 

65  ~~.4342945*log(sqr~(s*(~+2.))) 
if(x.gt.xa)d~~(ze+o,4.606*x-sb+(cb-4.606*xa)* 

1 ((~-min(x,xb))/(,-xa))**3) 
69 if(k.eq.l)dd=d 

80 nk.=n+nee* (mlcc-I.) 
*d,re4b.62,rn4b.66 

xse8S(lxB5+l,nk)=er(l) *af  
xse85(1~85+2,nk)=bl(l)*af 
xse85 ( 1x85~3, nle) = (el ( 3. ) +bl ( 3 1 ) *af 
if ( j ovr ( 1) +-j ovr (3 ) +jovr (5) .ne 3 to 85 

*i,znBb.68 load correct bs <18842> 
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bs=e*(e+2.*gpt(3))/(e+gpt(3))**2 

xse85 (lx85+7,nk) =cl*af*az*dd/bs 
* d ,  rn4b. 70 <18844> 

<18856> *d, rn4b, 77 
1 lh.,2x,24hmean ionization energy =,lpe12.5,4h ev./) 

91 

if(istern.eq.0.or.nz.ne.l)go to 94 
write(iu0,' ( I '  density effect data")') 
if(cond(lcon+mkc).eq.zero)write(iuo,'('' non-conductor") ' 1  
if(cond(lcon+mkc).gt.zero)write(iuo,'('' conductor")') 
do 91 j=jmd(ljmd+mkc), jmd(ljmd+mkc+l)-1 
iz=iza(liza+j)/1000 
ns=nxs(l~cs+ll,lme(llme+3,j)) 
write(iuo, ' ( ' z ='',i4)') iz 
write(iuo, ' ( I  ' occ no, be(ev) pairs")') 
write (iuo, ' (6 (6x, f3.0, f 11.3 1 ) ' ) 

h: ( exs ( jxs ( 1 jxs+ll , lme ( llme+3, j ) ) +nn-1) , 
& exs(jxs(ljxs+ll,lme(llme+3,j))+ns+nn-l), 
& nn=l,ns) 
writa(iuo, ' ( ' plas (ev) Wt 
write(iuo,'(3x,3f12.5)') pl,wt,tm*gpt(3) 
write(iuo, ' ( / )  ' )  

94 if(nz.eq.l)write(iuo,95) 
95 format( 

*addfile ,rn 
*deck 

C 

C 
C 

C 
C 
C 
C 

C 
C 

*call 

10 

20 
C 

C 
C 

30 

den1 
subroutine denl(az,su,pl,fo,eq,xq,nt,wt,tm) 

calculate oscillator parameters, fo, eq, xq, and the number 
of oscillators, nt, based on shell data of carlson and the 
plasma frequency, pl, and log of the ionization potential, su. 
return the fitting parameter, wt, and minimum 
normalized kinetic energy, tm, for use in den2. 
this routine solves eq. (10) of r. m. sternheimer, 5 .  m. seltzer, 
and m. j. berger, 'density effect for the ionization loss of 
charged particles in various substances", phys rev b, 26, 6067(1982), 

cm 
dimension fo(l) ,eq(l) ,xq(l) 
nt=O 
do 20 j=jmd(ljmd+mkc),jmd(ljmd+mkc+l)-l 
iz=iza(liza+j)/1000 
ns=nxs(l~cs+ll,lrne(llme+3,j11 
do 20 n=l,ns 
zs=exs(jxs(ljxs+ll,lme(l~ma+3, j) )+n-l) 
nt=nt+l 
f o (nt = fme ( 1 fme+ j 1 *abs ( zs 1 / az 
if((cond(lcon+mkc).ne.zaro).and.(zs.le.zero))go to 10 
xq (nt ) = ( ex8 ( jxs ( 1 jxs+ll , lme ( llme+3, j ) +ns+n-1 ) / p l  ) * * 2 
eq (nt 1 =2.  dO* third* fo (nt 1 
go to 20 
xq(nt)=zero 
eq(nt)=fo(nt\ 
continue 

find fitting 
sternheimer, 

mt=O 
wt=2. dO 
xo=wt 
f u= zero 

parameter rho termed wt here following 
berger and seltzer as implemented in its3.0. 

Page 34 



40 

dr=zero 
do 40  n=l,nt 
pa =w t * w t * xq ( n ) + eq ( 11 ) 
fu=fu+fo(n) *log(pa) 
dr=dr+fo ( n )  * 2  .dO*wt*xq(n) /pa 
wt=wt-(fu-su)/dr 
mt =mt t 1 
i f  (mt.lt.25)go to 5 0  
call. erprnt(l,2,l,mt,O,O,O,O, 

C 

C 

C 

50 

6 0  
7 0 

8 0 
C 

C 

90 

*deck 

C 

C 
C 

C 

C 
*call 

10 

2 0  

C 

& 'iL0," iterations den1 fitting parameter has not converged."') 

when no fitting parameter is found, arbitrarily set it co 
a small value. 

wt=l. e-4 
go to 70 
i f  (wt.gt.zero)go to 60 
wt=xo/2.d0 
go to 30 
if (abs(wt/xo-one) .gt.l.d-6) go to 30 
w2 = w t  *wt 
do 80 l=l,nt 
xq(1) =w2*xg(l) 
eq(1) =xq(l) +eq( l )  

find minimum normalized kinetic energy. 
tm=zero 
if (cond ( l can+tkc  1 . gt . zero 1 r e tu rn  
sm=zero 
do 90 l=l,nt 
sm=sm+fo(l) /xq(l) 
bq=one/ (one+sm) 
tm=one/sqrt (one-bq) -one 
return 
elid 
den2 
subroutine den2 ( 9 ,  tm, fo,eq,xq,nt,wt,d) 

calculate tho density effect, d, based on fitting parameter, wt 
and oscillator parameters, fa, eq, xg, at normalized energy, s 
greater than tm. d=zero otherwise. 
this routine solves eqs. (5) and ( 6 )  of sternheimer (1982). 

cm 
dimension fo(1) ,eq(ll ,xq(l) 
d=zero 
if ( 9 .  le. tm) return 
mt=O 
re=one/ (s* (0+2 .do)  1 
rc=(s+one) **2 
x=one/ re 
xo=x 
fn=zeso 
dv=zero 
do 20 n=l,nt 
fn=fn+fo ( n )  / (xq(n) +x) 
dv=dv-fo(n) / ( (xg(n) +XI * * 2 )  
x=x- ( fn-re) /dv 
mt=mt+ 1 
if (mt.lt.25)go to 30 
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C 

C zero. 
when no fitting parameter is found, arbitrarily set it to 

call erprnt (1,2,l,mt, O , O ,  O , O ,  

call erprnt(l,2,0,0,0,0,0,0, 
& 'il0,"iterations den2 fitting parameter has not converged."') 

& '"density effect correction set to zero."') 

30 

4 0  
50 

60 

x=zero 
go to 50 
if (x.ge.zero)go to 40 
X=XO/  2 . dO 
go to 10 
if(abs(x/xo-one).gt.l.d-6) go to 10 
d=-x/rc 
do 60 l=l,nt 
d=d+fo ( 1) *log (one+x/eq( 1) 1 
return 
end 

*ident its30 
* /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*d,sn4b.4,sn4b.6 <19016-19018> 
C the constant 3.1329 is 4. * 0.885**2 
C which is (3.dOtpie/4.d0)**(-4.dO*third) 

sing 

ea=~1.13+3.76*sqrt~s/~s+l.~~~u**2~*z~*~2.*third)/(3.1329*t4* 

* /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*i,bm.6 <19130> 

C set up some temporary dynamically allocated arrays for 
C bremsstrahlung production calculation. 

dimension xs(1) ,x2(1) ,ti(l) ,xi(l) 
*if -def,pointer,l 

equivalence (das, xs, x2, ti, xi) 
*if def ,pointer, 1 

pointer (kdy,xs), (kdy,x2), (kdy, ti), (kdy,xi) 
* i , bm. 8 

data ld/O/ 
save Id 

i~~~cs~l~cs+l6,lme~llme+3,jmd~ljmd+mkc~ 1 ) .ne.3)then 

do 100 k-2, ntop 

pbr(lpbr+n+nee+~mk~-l))~eba~leb&+ntop,n+nee*~~c-l))/3O 

do 110 kn2, ntop 

1 fscon**2) 
brem 

C 

<19132> 

*i,bm.ll <19135> 

*d, bm. 23 <19147> 

*d, bm. 61 <19185> 

*d, bm. 64 119188> 

*d, bm. 66 <19190> 
1 eba(leba+ntop,n+nae*(mkc-l)) 
else 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

bremsstrahlung production cross sections based upon the evaluation 
described in: 
'cross sections for bremsstrahlung production and electron- 
impact ionization," s. m. selzter, in monte carlo transport 
of electrons and photons, t. m. jenkins, w. r. nelson, and 
a .  rindi, eds. algorithm implementation based upon its3.0 and 
fit values from its3.0 database. 
set up dynamic memory. use the values for the first zaid 
since they are equal. 

ix=lrne(llme+3,jmd(ljmd+mkc)) 
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nrn=nxs (Inxs+5, ix) 
km=nxs (lnxs+6,1x) 
lr= (km+run+ (nmcnes) *km) 
if(ld.eq.0)call chgnertl(mdas,lfll,(lmb+lr)*ndp2,'brem') 
if(ld.eq.0) Imb=lmb+lr 
ld=lrnb-lr 
lx=ld 
It=lx+km 
ls=lt+nIn 
12=ls+nm*km 
do 320 n=l,lr 

3 2 0  xs (ld+n) =zero 
do 330 j=]rnd(ljmd*mke), jmd(l:jrnd+rnkc+l) -1 
ix=lme(llme+3, j )  
z=nxs (lnxs+2, ix) 
do 330 n=l,nrn 
t i  (lt+n) =log  (exs ( j x s  (1 jxs+5,  ixl +n-1) ) 
do 330 k=l.,km 
xs ( lstn+ (k-1)  *nm) = x s  ( l s+n+ (k-1) *nm) + 

& z * z *exs ( j xs ( 1 jxst.5, ix) +lawn- l+k*nm) * Erne ( Ifme+ j ) 
330 continue 

do 340 k = l , k m  
xi (lx*k) =log ( (one-exs (jxs ( l j x s + 5 ,  ix) +nrn+k-.l) ) t.1 .d-6) 
do 340 n=l,nm 

340 xs ( Ls+n+ ( k - 1 )  *run) =Log (xs (ls+n+ (k-1) *nm) ) 
do 3 5 0  k=l,lan 
ins1 
do 3 5 0  n=l,nee 
Cl=log(eee(lees+n) 
bl=log(one- (gpt. (3) / (eee( leee+n) +ggt ( 3 )  ) * * 2 )  

* /  quadratic fit if sgol is not des ired.  
* /  350 x2 (12+k+ (n-1) *km) = m o l  (tl, ti (lt+l) ,xs (ls+l+ (k-1) *m) ,m) 
350 x2 (12+k+ (n-1) *km) =sgol. (tl, ti (lt*l) ,xs (ls+l+(k-l) *nm) ,nm, in) 

do 390 n=l,nee 
eba(lsba+l,n+nee*(mkc-l))=zePo 
in=l 
do 3 8 0  k=2,ntop 
d e = r k t  (k) - r k t  (k -1 )  
do 360 np=l,ll 
ek(np)=rk t (k ) - r ea3 (np- l )  *de*I.d-l 
xp=log((one-ek(ng))+l.d-6) 

& -bl 

* /  quadratic fit if spol i s  not  des ired.  
* /  360 g(np)Eexp(qpol(~,xf(lx+l) ,~2(12+l+(n-l)*km),km)) 

360 g(np)3exp(sgol(xp,xi(lx+l) ,x2(12+l+(n-11 *km) ,km, in)) 
do 3 7 0  i=l,ll 

370 g(i)ng(i)/ek(i) 
3 Q O  eba(leba+k,n+nes* (mkc-l) ) =  

& (g ( 1) +4. dO* (Y ( 2  1 +g ( 4 )  +g ( 6 1 +g ( 8 1 +g ( 10) 1 += 
1. 2 .  do* (g ( 3  1 +g ( 5  1 +g (7 1 +g (9) ) +g ( 11.) 1 *de+ 
2 aba(leba+k-l,n+nea*(mkc-l)) 

c 
C 30=3*(ntunfsel: of integration paints -1) 

p i x  ( Igbr+n+nee* (mkc-1) ) =eba ( leba,tntog, n+nee* (mkc-1) 1 /30. dO 
C 

c normalize the cumulakive unbiased probability, eba. 
cla 390 k=2, ntsg 

390 eba(leba+k,n+nea*(~~-l))r 
& eba(leba+k,n*nee*(mkc-l))/eba(leba+nto~,n+nee*(~c-l)) 
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endi f 
* /  write the cross sections for validation and debug 

do 601 n=l,nee 
write(l7,*)eee(leee+n),pbr(lpbr+n+nee*(rnkc-l)) 
write(l8,*) new group ' ,eee(leee+n) 
do 601 k=l, ntop 
write ( 18, 1 rkt (k) , eba ( leba+k, n+nee* (mkc-1) ) 

do 120 k=2, ntop 

601 
*d,brn.75 <19199> 

*d, brn. 80 <19204> 

*d, bm. 86 <19210> 
1 q=qpol(e/eee(leee+j),rkt,eba(leba+l,j+nee*(rnkc-l)),ntop) 

do 130 k=2, ntop 
*d, brn.88, brn. 89 <19212-19213> 

1 ebt(lebt+ntop,n+nee*(mkc-1)) 
do 140 k=l,ntop 

do 150 k=2, ntop 

do 160 k=l,ntop-1 

do 170 kr2, ntop 

do 180 ks1,ntop-1 

*d, bm. 98 <19222> 

*d, bm. 103 <19227> 

*d, bm. 108 <19232> 

*d,  bm. 113 <19237> 

* /  
brang * /  . .............................................................. 

*i,bg.7 correct possible parmeter and constant mismatch <19273> 
save ih, nl, n2 I r2 
data ih/O/ 

if(ih.ne.0.or.Nts(lns+l6,lme~llme+3ljmd~ljmd+mkc~~~.ne.3)go to 2 
ih=l 
nl= (mpng+l) /2 
n2 =nl- 1 
r2=float(n2) 
do 1 i=l,nl 

1 cm(i)=(i-l)/r2 
2 continue 

*i,bg.8 correct possible parameter and constant mismatch <19274> 

*d,  bg. 13 <19279> 
do 150 n=l,nee,nStQ 

do 20 k=l,nwng 
2 0  ek(k)=rka(k)*s 

*d, bg. 15, bg. 16 <39281-19282> 

*d,bg.25,bg.27 correct possible parameter and constant mismatch <19291-19293> 
xi (1) = (l.,+. l*b* (11-1) 1 / (1. +b) 

if(nxa(1nxs+16,1me(11me+3,jmd(1jmd+mkc~~~.ne.3~go to 30 
xi(l)~(ona+b*(nl-l)/r2)/(one+b) 
ch(l)=(nl-l+r2*b) / (r2+b*(nl-l) 1 

do 150 k=l,nwng 

1 5 0  ech ( Iech+l, k, n/nstg+l+ (nee/nstp+l) * (mkc-1) ) =min (max (zero, 

do 510 n=l,nee,nstp 
do 510  k=l,nwng 
do 510 l=l,mpng 

510 write(l9, *In, k,l,ech(lech+l, k.n/nstg+l+(nae/nstg+l)*(mkc-l) 1 

ch( 1) = (  11-1+10. *b) / (10.+h* (11-1) 

30 continue 

*d, bg. 104 119370r 

*i,bg.l05 write the cross sections f o r  validation <19371> 

*i,mr.6 blue 
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inteyer*4 rnz 
rnanntas ks 
call rnp,set-.numthreadn(mz) 

call secnd(cp2(E)) 
cpo=cp2 ( 1) -cpa 

*d, i n r .  17, m r .  18 blue 

* i , i nx .  92 blue 
CSPAR PARALLEL DO 

141 call trnsgt 
do 141 i=l,ntasks 

*d, tn. 52, tn. 5 4  blue 
i f ( t 2 . g e . c p 2 ( k t a s k + l ) - l . l g o  to 50 
write(j tty, 40) kod, cp2 (ktaskrl) /60., t2/60. 
write (iuo, 40) ked, cg2 (ktaskcl.) / 6 0 .  , t2/60. 

*d,tn.S9, tn.61 blue 
50 ~pl=~pl+t%-~p2(ktask+l) 

c ts=C t~ + t2 -cp2 ( ktask+ 1 ) 
60 cp2 (ktask-l.1) =t2 

*d,ut. 27, ut. 28 blue 
mz=mp-my,threadnum() 
ktas k=mz 

* /  
rnsgcon * /  - l - D - m - - o - - - - l - l - - - - _ 1 - - - - - - - - - - - - - ~ * - - - - - - - - - - - . - - - - - - - - - - - - - - - - -  

* /  Fix a print bug. Wrong number of arguments. 07/07/97 (GWM/GWM) 
*d, mslk. 82 blue 

call secrid(cg2 (1) 
*d,me4h.154 blue 

call secnd (cp2 ( 1 ) ) 
* idenl: me4b2 
*d,rne4h.195 c20311>  

* /  Force PVM ta free some buffers. 07 / 07 / 97 (GWM/GWM) 

* i , m e 4 b .  3 11 <20498> 

C free the receive buffess. 

call errpr~(0,j,l,one*max(l,ntasks),zers,'ntk',' I ,  

* /  $20 awarded to Uudley A .  Raine, 1x1, ORNE (XI"M:JSH-97-176) (GWM/GWM) 

c 

do 582 nt=l,ntasks 
5 8 2  call m€buf(ib(nt) ,i) 

*d,mc4b.338 blue 

*d,m&b. 3 8 8  blue 

* /  
startp * /  _.------P----pI-----------------.~.------------------------------ 

* ideirt sp4b2 
* /  Wrong index. Afeects var. reduce:Lom and tracking. 07/07/97 (GWM/GWM) 

call secnd(cp2(1)) 

Cgl=Cpl+t2-Cp2 (1) -CgJ 

*d,sp4b.E,sp4b.10 <21159-21161> 
if(wcl(i) .ge.O.)go t o  85 
wesltc(i)=-wcl(i) *wgt 
wcs2tc(i)+-wc2(i) *wgt 

* /  
levcel * / 

*iderit 114b2 
* /  silent wrong answers f o r  near-coincident lattices. 08/25/97 
* /  $20  to Lee Montierth (INEEL) X?%:J!38-97-208 
*d, J1,4b. 25 <22232> 

- .. " - - - - ----I --.-I -. I- - - * - - - .. - - - - sx - - .I - -----I I I - " - - - - - - - P - - - - - - - 

jsu=-abs(yau) 
if(l.gt.ll+1.and.lat(llat+l,icl) .ne.O)eall findel(ic1) 
j su=abs ( j su) 
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* /  

track * /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*ident tr4b2 
* /  silent wrong answers for near-coincident lattices. 08 /25/ 97 
* /  $20 to Lee Montierth (INEEL) XTM:JSH-97-208 
*d, tr4b. 18 <23651> 

if(dl(i)+coincd.lt.dl(levp))go to 445 
* I  

findel * /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*ident fn4b2 
* /  Silent wrong answers for near-coincident lattices. 00/25/ 97 
* /  $20 to Lee Montierth (INEEL) XTM:JSH-97-208 
*d, fn. 6 <24481> 

~24482, *i,fn.7 after equivalence 
dimension ii(3) ,jx(14,2) 

data jx/1,1,2,2,3,3,1,1,2,2,2,2,3,3, 
1 l,-l,l,-l,l,-l,l,-l/l,-l,l,-l,l,-l/ 

*d,fn.lO n= <24485s 
*d, fn4b.5, fn4b.16 ii(i)= thru label 10 <24493-24504> 

*d, fn.22, fn.52 ' <24510-24550> 
C 

10 ii(i)=nint(a) 

C 

C check if new location completely inside lattice element. 
correct for coincident surfaces and hexagonal prism lattices. 

j c-0 
30 jc=jc+l 

if(jc.gt.10)go to 70 
do 60 jk=lca(llca+ic) ,abs(lca(llca+ic+l) 1-1 
j=abs (lja(llja+jk) 1 
k=kst (lkst+j 1 
I.-lsc (llsc+ j) 
if(k.@q.l)t4~scf(l+l)*~+SCf(l+2)*~+scf(l+3)*~~z-~~f(1+4) 
if ( k . ne. 1 ) t4=gpblcm ( k- 1) - sc f ( 1+1) 
if (jsu.ge.O)go to 40 
if(ksc(1ksc-jsu).ne.ksc(lksc+j))go to 40 
if(k.eq.1)t5=ccf(1+1~*uuu+scf(1+2)*wv+scf(1+3)*w 
if(k.ne.l)tS=qpblcm(k+2) 
if(abs(t4).le.coincd*abs(t5))t4=t5 

40 if(lja(llja+jk)*t4.gt.O)go to 60 
C 

C location coincident with or beyond surface j, index ix. 
jl=jk-lca(llca+ic)+6*lat(llat+l,ic)-5 
ix=jx( jl, 1) 
iy= j x  ( j 1,2 ) 

50 ii (ix) =ii (ix) +iy 
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xxx=xxx- Ly*vcl( lvc.tt.1, ix, rn) 
yyy=yyy-iy*vcl(lvcl+2, ix,m) 
zzz=zzz-iy*vcl(lvcl+3,ix,rn) 

C 

C if on or beyond hex side 3 ,  increment sides 1 and 2. 
if(ix.ne.2.or.jl.lt.ll)go to 3 Q  
iiisiii-iy 
xxx=xxx+iy*vcl(lvcL+l, I , m )  
yyy=yyy+iy*vcl (Lvcl+2,1, rn)  
z z z = z z z + i y Y v c l ( l v c l + 3 , L , m )  
go to 30 

60 continue 
return 

70 k&=L 
* /  

E indlv * /  ---..--------------,--------.------------------------------------ 
*ident: fv4b2 
* /  Sil.e?nt wrong answers f o r  near-coincident lattices. 08 / 25/97 
* /  $20 to Lee Montierth (INEEL) XTIY:JSH-97-208 
*d, fv. 3 5  <24587> 

60 jsu=-abs (jsu) 
if(lat(llat+l,icl).ne.O)call findel(ic1) 
j swabs ( j su) 

* /  
chkcel * /  -.._------------_----_________________I__--------------------..- 

* iderit cc4b2 
* /  Silent wrong answers f o r  near-coincident lattices. 08/25/97 
* /  $20  to Lee Montierth (INEEL) XTM:JSH-97-208 
*d, cc:4b. 4 <24700> 

tS=scf (i) *uuu+scf (it11 *wv+sc:f(.Lt2)*www 
if (abs (t4) . le. coincd*abs (t§) t4=t5 
if (abs(t4) .le.coincd*abs(gpbl.cm(k+2) )t4=gpblcm(k+2) 

*d, cc4b. 9 <24705r 

* /  
* / 
*ident: flaug 

colidp - -I  - - _ _  - - - - - - _. I I - --I - ._ - -- - - - --_. - -.------*----.I - - - - - -- - - -- -- - - - 
*b, cp. 163 <2679a> 

if(its30.ns.3lthen 
* i , cp4a .16 <26874> 

else 
er=erg 
ie=iex 
ik=ipt 
c a l l  flaugter, iu,mk,ik) 
midi E 

*addfile , c g  
*deqk flaug 

<26916s 

subroutine flaug(er,ie,rnk,ik) 
c 
C a subroutine to generate fluourescent photons or auger 
C electrons to f i l l ,  vacancies. 
c called by colidp and kxray. 
C ex=energy o €  absorbed photon or edge energy for kxray 
C ie=element that is undergoing the interaction; for kxray it is 
C the highest 1: element. 
C mk=material. and ik=ipt fox kxray(3) or colidp(2) €or keeping 
C track of parent particle for bookkeeping and vr. 
*call cni 

ipt=2 
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ntyn=3 
rp=O. 
if(ik.eq.2)go to 5 
ve 1 =s 1 i te 
ncp=0 
i&=O 

C check for electron emission from impact ionization. 
if(rangO.gt.wwk(lwwk+mk))go to 80 

if(nxs(lnxs+2,ie).le.ll)go to 90 
il=jxs(ljxs+4,ie)+2 
if(er.le.xss(i.1-l))go to 90 
do 10 ka-il, il-3+nxs(lnxs+4,ie) 

5 if(dbcn(20) .ne.O.)rp=l. 

10 if(er.le.xss(ka))go to 20 
20 ka=ka+nxs (Inxs+4, ie) -1 

kO=ka 
2 5 ka= kO 

t3=xss(ka)*rang() 
ka=ka+nxs(lnxs+4,ie) 
if(ik.eq.3.and.t3.ge.xss(ka))go to 25 
if(ik.eq.2.and.t3.ge.xss(ka))go to 90 
rp=l. 

30 ka-ka-1 
if(t3.lt.xss(ka))go to 30 

c 
C at least single fluorescence or auger electron. 

eg=xss(ka-2*nxs(l~ts+4,ie)+l) 
if (kpt(3) .eq.O)go to 40 
if(ik.eq.2.and.rangO.gt.wwk(lwwk+mk))go to 80 

40 e=xss(nxs(lnxs+4,ie)+ka+l) 
if(e.lt.elc(2))go to 90 
if(ik.ne.2)go to 41 
paxtc ( 4,12 I 2 =pWCtC ( 4,12,2 1 +1. 

paxtc (6,12,2) =paxtc (6,12,2) +wgt*erg 
pwb(kpwb+2, 18, icl)=gwb(kpwb+2,18,icl)-wgt 
pan(kpan+2,3,mpan)=pan(kpm+2,3,mpan) +wgt 

if(nxs(lnxs+2,ie) .le.30)go to 60 
i=ka+l-2*nxs(lnxs+4,ie) 
if(i.ne.il.and.i.ne.il+llgo to 60 
i=il-2+nxs (lnxs+4, ie) 
kasnxs (1~<s+4, ie) +i+l 
if (rang0 .g..xss(ka)/(l.-xss(i)))go to 60 

C double fluorescence. bank the second photon. 

p a t C  (5,12,2) XgaXtC (st12, 2) +Wgt 

41 ed=0. 

C 

erg=xss (nxs (1~(~+4, Le) +ka) 
if (erg.lt.elc(2) )go to 60 
if(ik.ne.2)go to 42 
paxtc(l,16,2) =paxtc(l, 16,2) +l. 
paxtc (2,16,2) =pate (2,16,2) +wgt 
paxtc (3,16,2) =paxtc (3,16,2) +wgt*erg 
pwb(kpwb+2,17, icl)=pwb(kpwb+2,17,~cl)+wgt 
go to 43 

42 paxtc ( 1,14,2 1 =paxtc ( 1,14,2 1 +1. 
paxtc (2,14,2) =paxtc (2,14,2) +wgt 
paxtc (3,14,2) =paxtc (3,14,2) +wgt*erg 
pwb(kpwb+2,16, icll=pwb(kpwb+2,16,icl)+wgt 
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43  ntyn=4 
call i s o s  ( u u u ,  lev) 
sw=wgt 
i f  (ik.ne.2)go to 44 
if (abs (wwp ( 2 , 4 )  1 . eq. 1. ,and. ( i d x .  eq. 0. or. wwp ( 2 , 5 )  .1 t , 0 . ) ) 

if(nter.ne.O)go to 50 
if(espl(2,I) .nc.O.)call ergimp 
if(nter.ne.0)go to 50 

c a l  l banki t ( 9 
ed=erg 
wgt-sw 
go t o  60 

paxtc (5, nter , 2 )  =paxtc ( 5 ,  n t e r ,  2 ) + w g t  
paxtc (6, nter, 2 1 =paxte (6, nter, 2) +wgt*erg 
pwb(kpwb+2,jrwb(nter,2),icl)=pwb(kpwb+2,jrwb(nter,2),icl)--wgt 
nter=O 

1 call wtwndo(4,ww) 

4 4  npa=l 

50 paxtc(4,nter,2)=paxtc(4,nter, 2)+1. 

60 i f ( i des , eq .O .and . ik . eq .2 . and . sg0-eg -ed .g t . e1~(3 ) )  
& call maker ( 1, ego-eg-ed) 
ergze 
ipsc=99+ntyn 
call isos (uuu,  lev) 
if(ik.ne.2)go to 61 
paxtc (1,15,2) =paxtc(l, 15,2) +I I 

paxtc (2,l5,2) =paxtc (2,15,2) +wgt 
paxtc (3,15,2) =paxtc (3,15,2) +wgt"erg 
pwb(kpwb+2,17, icl)=gwb(kpwb+2,1'7,icl)+wgt 
go to 100 

if ( jgp.  le. -2) jgp= jgp+2 
paxtc (1,14,2) =paxtc (1,14,2) +I. 
paxtc (2,14,2) =paxtc (2,14 I 2) +wgt 
paxtc ( 3,14 I 2 ) =paxtc (3,14,2) +wgt*'erg 
pwb ( kpwb+2,16, i c l  ) =pwb ( kpwb+2,16, icl 1 +wgt 
do 70 i=l,ndx(2) 

70 i f (  (xxx-dxx(2,1,i))**2c(yyy-d~%(2,2,i))**2.(. 
1 (azz-dxx(2,3, i) **2. at .dxx(2,5, i) ) idx-i 

61 continue 

kf(ndet(2) .ne.O)caLl tallyd 
if (kdb .  ne. 0 1 return 
if(ndx(2) .gt.l.or.ndx(%).eq.l.and.idx.eq.O)call dxtran 
i f  (kdb .ne. 0 1 return 
call. bankit(l8) 
go to 100 

C 

C make electrons either auger or photoelectric. 
C set i p e = i k  f o r  bookkeeping. 

80 igt-ik 
if(ides.eq.Q.and.eek(leek+mk).gt,elc(3).~nd. 

1 (dbcn(aO).~le.O..o~.e~.ge.edg(ledgsmk))) 
I call. emaker(4,eek(Leek+mk)) 

& ik.eq.2)ca.tl emaker(l,egO-rp*edlg(ledg+mle) 
90 if(idea.eq.0.and.egO-rg*edg(ledg+mk) .gt.elc(3) .and. 

if(ik.ne.2)go to 100 
nter=12 
pan (kpan+2,3, inpan) =pan (kpan+2 3, inpan) +wgt 

return 
100 continue 
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end 
* /  
* /  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* ident bnum 
*d, tb. 23 <27185> 

*d, tb.46 <27204> 

*ident its30 

t tbr 

pr=pr*abs (bnum) 

if(abs(bnum).gt.O..and.bnurn.ne.l.)wgt=wgt/abs(bnm) 

*d, tb. 67, tb. 68 ~27223-27224> 
pk=qpol(rn,ebt(lebt+l,m+nee*(mkc-l)),rkt,ntop) 
pa=qpol(rn,ebttlebt+l,m+l+nee*(mkc-1) ),rkt,ntop) 

do 110 jl=2,ntop-l 
*d, tb.73 <27229> 

*d ,  tb.75 <27231> 

* /  
kxray * /  --------------------*------------*------*--------*------------- 

*ident flaug 
*b, kx. 24 ~ 2 8 8 5 9 ~  

*i,kx.51 <28883> 

120 do 130 j=2,ntop-l 

if(nxs~l~ts+l6,lme~llme+3,jmd~ljmd+mkc~ 1 )  .ne.3)then 

else 
if(iphot.ne.O.or.fiml(2) .eq.O..or.eek(leek+mkc).le.elc(2)) 
1 go to 80 

C 

C 
C 
C 

71 

7 2  

* /  
C 
C 

* /  

assume the electron has enough energy to excite the atom 
above the threshold of the highest K shell energy o f  the 
highest Z atom of the material. 

jm=jmd(ljmd+mkc) 
do 72 j=jmd(ljmd+mkc) jmd(ljmd+mkc+l)-l 
if(iza(liza+j).gt.izalliza+jm))jm=j 
ix=lmc (llme+2 , jm) 
iex= ix 
mk=mkc 
ermxss ( j x s  (1 jxs+4, ix) +nxs (lnxs+4, ix) -1) *1.00001 

1.0001 assures round-off does not give spurious results 
er=edg(ledg+mkc)*l.OOOl 
if(er.gt.egO)er=egO 
ik=ipt 
call flaug(er, ix,mkl ik) 
endi f 

brems * /  -_------------------------~-------------------------*---------- 

*ident its30 
*i, bb. 6 

C 

C energy loss1 and second and higher order events to keep track of 
C 

C ib flags real events in conjunction with numb v r  use. 

*d,bb.ll if (prcrango .lt.l.)return 

C 

el is dimensioned to keep track o f  first, possibly real event 

energy loss only for production purgosts. 

dimension el(2) 

rlnrang ( 1 
pl=exp (-pr 1 
ib=l 
if((~(s(1~~~+16,Ime(llm~+3,jmd(ljmd+mkc))).eq.O 
1 .and.pr+rl.lt.l.).or, 
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1 ( nxs ( lnxs + 16, lme ( 1 lme+ 3, j m d  ( 1:jrndcrnkc ) ) 1 . eq . 3  . and. r 1.1 t . pl ) ) ib=O 
if(numb+ih.eq.O)return 

C 

C 

C 

C 

set up to produce none, one,  or more photons 
npa= 1 
nb= 1 

do splitting or roulette if bnum biasing is used. 

nb=abs (bnum) *rang ( ) 
i f  (nb.eg.0) then 

if(bnurn.ne.one.and.dbcrl(23) .ne.zero)then 

npa=O 
nb=l 

endi f 
endi f 
wb=wgt 
if(hnum.ne.ze~o.and.$hun(23).ne.zerol 

i:b=nb 
w0 =wb 
i f  (numb.eq. 1) wb=wb* (ono-pl) 

do 240 nL=I,nb 
ie=rnin(nl,2) 
e l  (ie) =zero 
if(nxs(lnxs+l6,lrne(lIme+3,jmd(ljmd*mkc))~.eq.O~go to 5 
pl=ps 
ap=pl 
fa=zero 

1 wb=wgt/abs (bnum) 

E)S=pl 

*d, bb. 14 

*d, bb. 21, bb. 23 bnum 
*i , bb. 25 bnum 

5 npb=npb+l 

wgt-wb 

<28908> 

<28915-28916> 
<28918> 

*ident its30 , 

*d, bt14a .  4 
es=egO-qo*dk-el(ie) 
if(es.lt.elc(3))go to 200 

gk=qpol  (rn,eba(lebasl,msnee* (mkc:-l) ) ,rkt,ntog) 
pa=qpol(rn,eba(1eba+1,m+l+ns~*Wnlkc-1)),rkt,ntop) 

*d,bb.40,bb.41 <28930-2a931> 

*i, 4b. 43 debug print 
C write(20, *)erg 
* ident bnum 
*d, bb. 46  bnum <28936> 
C 
C 

C of them f o r  bnum0. 
accumulate radiative energy loss for first photon or a l l  

el(ie)=el(ie)+erg 
if(nl.gt.l.and.bnum.lt.zero)r?l(J)=el(l)+erg 

i&(iphot.ne.O.or.fiml(2).eq.0..or.es.it.eLc(2) . o r .  , 
*d, cori--1.163 bnum <28939> 

& npa.eq.0)go to 200 
*ident i t s 3 0  
*d, bb .54, bb .5 5 ~28944-28945> 

pk=qpol (rn, ebd(lebd+l,m+nee* (Imkc-1) ) , rkt,ntop) 
pa=qpol(rn,ebd(lebdcl,m+l+nee* (mkc-1) ) ,rkt,ntop) 

da 60 jl=2,ntop-l 
*d, bb. 57 <28947> 
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'd ,  bb. 59 

* ident bnum 
*d,  bb. 71, bb. 74 

70 do 80 ]=2,ntop-l 

bnum 
if(bnum.eq.l.)go to 1 1 0  
if(dbcn(23).ne.zero)go to 110 
npa=bnum+rang ( 
if(npa.eq.0)go to 200 
wgt=wgt/bnum 

*ident its30 
*d,bb.89,bb.105 

k=(rn-l) /nstp+l 
ek=eee(leee+(k-1) *nstp+l) -es 
el=es-eee(leee+k*nstp+l) 
do 140 j=2,nwng 

140 if(pj.ge.rka(j))go to 150 
150 rj=rka( j-1) -pj 

s j =p j -rka ( j ) 
1=rn* (rnpng-1) 
pl=rn* (mpng-1) -1 
q l = l .  -pl 
i= lech+ I+ 1 
rnc=k+(nee/nstp+l) * (mkc-1) 
if(nxs(lnxs+l6,lme(llme+3,jmd(ljmd+mkc~ )).eq.O)then 
cx=4.*(ql*sj*el*ech(i,j-l,mc)+pl*rj*ek*ech~i+l,j,rnc+l~+ 
1 pl*sj*el*ech(i+l,j-l,mc)+ql*rj*el*ech(i,j,mc)+ 
2 ql*sj*ek*ech( i, 1-1, mc+l) +ql*rj*ek*ech( i, j , mc+l) + 
3 pl*sj*ek*ech~i+l,j-l,mc+l)+p~*rj*el*ech~i+l,j,mc~~/ 
4 ( (rka ( j -1) -rka ( j ) ) *eee ( leee+ (k-1) *nStp+l) ) 
else 

* /  for exact its3.0 emulation. 
* /  rx-one-m 
* /  l=rx* (mpng-1) 
* /  pl=rx* (mpng-1) -1 
* /  ql=one-pl 
* /  i=lech+l+l 

cx=2 .do* (ql*s j *el*ech(i, j-1,mc) +pl*rj *ek*ech( i+l, j ,rnc+l) + 
1 pl*s j *el*ech(i+l, j-1, mc) +ql*rj*el*ech(i, j , m e )  + 
2 ql*s j *ek*ech (i, j-1, mc+l) +ql*rj *ek*ech (i, j , mc+l) + 
3 pl*sj *ek*ech (i+l, j-1 ,mc+l) +pl*rj *el*ech(i+l, j,mc) 1 / 
4 ( ( rka ( j -1 ) -rka ( j 1 ) (eee ( leea+ (k-1) *nstp+l) -aee ( leee+k*nstp+l) ) ) 
endi f 

*i, bb.106 debug and verification 
C write(20, *)cx,dm 
* ident bnum 
*d,cor4-1.167 bnum <29052> 

*ident its30 
*d,bb.152,bb.154 erg=erg-Ol 

if(dbcn(23).eq.zero.and.bnum.gt.l.)wgt=wgt*bnum 

if(nxs(lnxs+l6,lme(llme+3,jmd(ljmd+mkc) 1 ).eq.O.or.ib.eq.O) 
1 go to 240 
if(ib.eq.l.and.numb.eq.l)wb=wO 
fa= f a+one 
pl=pl*pr/ fa 
ap=ap+p 1 
if (rl.ge.ap)go to 5 

240 continue 
if(ib.eq.0)return 
if(dbcn(23).ne.zero.and.bnum.lt.zero) 

<28978-28994, 
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1 el (11 -el (1) /rb 
erg=erg-el ( 1) 
paxtc ( 6 , 1 2 , 3 )  =paxtc  ( 6 , 1 2 , 3 )  +wgt*eL (1) 
if(el(1) .ne.zero.and. 
1 nxs ( l n x s c l 6 ,  lme ( llme+3, jrnd ( Ijmdcrnkc) ) . eq.  3 )  then 

paxtc  (4,12,3) =paxtc  (4,12,3) +one 
paxtc  ( 5 , 1 2 , 3 )  =paxtc  (5,12,3) + w g t  

endi f 
return 

'addfile bb 
*deck spo l  
C subroutine spol (s,x,y,n, in, t) , 15 j an  71. 

*! function spo l  ( s , x , y , n , r n )  

C cubic spline interpolation with parabolic runout. 
*if def ,cheap ,  1. 

function spol (s,x,y,n,in) 

C 

implicit double precision (a-h,o-z) 
parameter (ln=lOQQ) 
save 
dimension x(n) , y ( r r )  ,e(ln) ,u(ln) 
if(n.gt.ln)calL erprnt(l,1,2,n,ln,O,O,l, 

1 t o o  Large an argument in s p o l ,  increase parameter Inn') 

LO 

2 0  

30 

40 

SO 

if (in.ne.1) go to 3 0  
in=2 
PIl=n-l. 
e ( 1) =I. dO 
u (1 = O  .dO 
bl=x (2 1 - x (  1) 
~l=(y(2)-y(l) )/bl 
do 10 j=2,nl 
b2=x(j+l)-x(j) 
c2=(y(j+l)-y(j))/b2 
b=x(j+l)-x(j-l) 
d= (c2-cl) /b 
c=bl/b 
bl=b2 
cl=c2 
p=c*e ( j -1) + 2 .  dO 
e( j) =(c-l.dO) /g 
U( j) = (d-c*u( j-1) ) /p  
e (n) =u (nl) / ( l .dO-e(nl)  1 
do 20 kk=l,nl 
k::n- kk 
e ( k) =e (k) *e (k+l) +u (k) 
id=O 
ma-0 
ml=n 
if ( ~ ( 1 )  .le. ~ ( n ) )  go t o  30 
i. d= 1 
n12 =n 
n d = O  
if(s.lt.x(ml+id).and.s.gt.x(ma*l-id))go to 40 
if' ( 9 .  ge.x (mlcid) ) rnu=rnl+2*id 
it(s.le.x(m2+1-i.d) )mu=m2+2*(1-id) 
go to 60 
rnl =m2 
m u = m l  
m3=(ml+mu)/% 
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if (s.lt.x(m3) )mu=m3 
if (s.ge.x(m3) )ml=m3 
if(iabs(mu-ml).gt.l)go to 5 0  
mu =mu + id 

C 

60 s p o l = ( e ~ m u - l I * ( ~ x ~ m u ~ - s ~ * * ~ ~ + e ~ m u ~ * ~  (s-x(mu-l))**3)+ 
1 (y(mu-1) -e(mu-l) * ( (x(mu) -x(mu-l) 1 **2) 1 * (x(mu) -s) + 
2 ( y ( m u ) - e ~ m u ~ * ( ~ x ~ m u ~ - x ~ m u - l ~ ~ * * 2 ~ ~ * ~ s - x ~ m u - l ~ ~ ~ /  
3 (x(mu)-x(mu-l1 I 
return 
end 

tfc(ltfcc3,l,it)=(cts-~pk+t2-~p2(1) )*tfc(ltfc+2,l,it)**2 
*d,  ad. 43 blue 

*ident mf4b2 
* /  Force PVM to free some buffers. 07/07/97 (GWMIGWM) 
* /  $ 2 0  awarded to Dudley A .  Raine, 111, O W L  (XTM:JSH-97-176) (GWM/GWM) 
*i, mf4b. 83 <41720> 

C perform function 'free message buffer'. 
*call mb 
*if def ,pvm, 1 

subroutine mfbuf(ib,in) 

call pvmffreebuf(ib,in) 
return 
end 

* /  
*ident ge4b2 
* i , ge. 4 

* /  Uncomment the following f o r  DVF on PCDOS. 
* /  *i,ge.3 
* /  use dfport,only:iargc 
* /  use dflib,only:getarg 
* /  *d. ge4a. 8, ge4a. 9 
* /  *if def,gcdos,S 
* /  h m m '  ' 
* /  j =O 
* /  do 10 i=l, iargc0 
* /  call getarg(i, hm( j + l :  ) 1 
* /  19 j=j+leng(hm( jcl:) )+1 
* /  

getidt * /  _____-_---------_-----*--------*------------------------------ 

*ident gi4b2 
* /  provide cleaner separation of LLNUX and DEC. 06/04/97 (GWM/GWM) 
*d, gi4b. 1 ~42208, 
*if deft linux, 3 

gi4b. 5 c42212> 
*i, gi4a. 1 c42213> 
*if -def, linwc, 3 

secnd * /  . .............................................................. 
*ident se4b2 
* /  Uncomment the following for DVF on PCWS.  02/17/98 (GWM/GWM) 
* /  *d,se4a.4,se4a.6 <42820-42822> 
* /  *d,se4a.8,se4a.15 ~42837-42844, 

integer*4 i 

* /  *if def,pcdos,l 
* /  call cpu,time(t) 

02/17/98 (GWM/GWM) 
~ 4 2 1 7 2 ~  

<42196-42197> 
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Appendix C 

Tables of values calculated using David Gierga’s input files. Each suite of runs is presented. The 
final three tables compare to data showing only a marginal change in the results due to the 
upgrade. 

Table 1: Beryllium cell flux tallies without stainless steel 

I il 1 5.90E-01 - 9.37B-02 

2.29E-02 

I 1 1.08B-02 

;:I1 1 1.40E-tOO 1 (I;: 3 1 -0.0223 1 
5.98E-01 -0.0142 

0.0059 9.42B-02 -0.0060 
~~ 

0.009 1 2.34B-02 0.0 106 -0.0222 

0.0123 1 . 1  1E-02 0.0144 -0.028 1 
u. 

- 

Table 2: Beryllium detector flux tallies without stainless steel 

I I I I 

10 I 5.90E-01 I 0,0028 I 6.06E-01 I 0.0033 1 -0.0267 

3 0 ,  19.20E-02 i(9:ly 9.27E-02 0.004 -0.0077 

60 2.26E-02 2.28E-02 0.0034 -0.0063 

90 I .05E-02 1 0.0027 I 1.06E-02 1 0.0038 -0.01 14 -- I-- 

- .  



Table 3: Beryllium cell flux tallies with stainless steel 

angle Flux(4b) 

0 2.33E+OO 

1 2. I8E+00 

5.98E-01 

9.34E-02 

60 2.37E-02 

90 I .  I OE-02 0.0 124 I .  I OE-02 0.0144 -0.005 5 1 
Table 4: Beryllium detector flux tallies with stainless steel 

angle Flux(4b) 

0 I 2.59Ei-00 

1 I 2.41Ei-00 

1.44Ei-00 

6.03E-0 1 

9.348-02 

2.343-02 

90 I 1.08E-02 

Rel. Err. Flux( nu) 

0.0026 I2.64Ei-00 

0.0025 1 2.47Ei-00 

0.0024 I 2.1 1E+00 

0.0024 

0.0034 1 9.49s-02 

0.0038 I 2.33E-02 

0.0027 I 1.09E-02 

Rel. EK. rel. diff. 

0.003 -0.02 1 1 

0.0028 -0.0228 

0.0027 1 -0.0269 

0.0027 I -0.0288 

0.0032 I -0.0235 

-0.0158 

0.004 I -0.0176 



Table 5: Aliminurn cell flux tallies without stainless steel 

1 1 2.81Et.00 

~ 

1.95E+00 0.0037 -0.008 1 

-0.0089 

2.68E-01 0.0037 -0.0064 

0.0034 

0.0029 

0.0034 

Table 6: Aliminurn detector flux tallies without stainless steel 

I 



10 

30 

60 

90 

Table 8: AUminwn detector flux tallies with stainless steel 

1.03E+00 0.0029 I .04E+00 0.0035 -0.01 17 

2.698-0 1 0.0034 2.68E-0 1 0.004 1 0.0040 

7.32E-02 0.0049 7.26E-02 0.006 0.008 1 

3.33E-02 0.0068 3.32E-02 0.0083 0.0004 

angle 

0.1 

Flux(4b) Rei. EK. Flux(nu) Rel. Err. 

3.22E+00 0.0022 3.268+00 0.0026 

--, ~ I -  

1 

2 
4 

3.04Ei-00 0.0021 3.08E+00 0.0025 

2.67E+00 0.002 2.70EW 0.0025 

2.01Ei-00 0.002 2.03E+00 0.0025 

IO 

30 

rel. diff. 

-0.01 17 

1.04E+00 0.0023 1.05Ei-00 0.0028 

2.67E-01 0.0027 2.678-0.1 0.0033 

-0.0106 

60 

90 

-0.01 17 

7.29E-02 0.0027 7.2 1 E-02 0.0032 

3.31E-02 0.0027 3.29E-02 0.0033 

0.0011 I 
0.0105 I 
0.0072 I 



Table 9: Lead cell flux tallies without stainless steel 

Table 10: Lead detector flux tallies without stainless steel 

2 1 2.40EW 1 2.38Ei-00 10.003 10.0027 10.0080 

4 1.9OE+00 0.0031 1.88EiW 0.0027 0.0104 

10 1 1.14E+00 I 0.0036 I 1.13E+06) I 0.0032 1 0.0083 

I I I I 
I I I I 

60 I 1.43E-01 I 0.0053 I 1.47E-01 1 0.0045 I -0.0233 



Table 11: Lead cell flux tallies with stainless steel 

angle Flux(4b) Rel. Err. 

0 2.64E+00 0.0207 

I 1 2.46E+00 1 0.0076 
~ ~~ -~ 

2 2.25E+OO 0.0056 

4 1.83E+OO 0.0044 

10 1 1.12E+00 1 0.0036 

30 I 4.30E-01 I 0.0034 

1.43E-0 1 0.0045 

6.03E-02 0.0064 

Table 12: Lead detector flux tallies with ,tainless steel 

1 angle Rux(4b) I Rel.Err. I Flux(nu) 
- ~~ 

Rel. Err. I rel. diff. 

2.80Ei-00 I 0.0029 I 2.79E+00 0.0028 I 0.0628pp 

2.67E+00 I 0.0028 1 2.65Ec00 I 1  0.0027 0.0070 

0.0027 0.006 1 

1 2  

1 4  

I lo 0.0032 -0.00 18 

-0.0057 

0.0045 -0.0278 

I 30 
~~ 

4.3 1E-01 0.0042 4.33E-0 1 

1.42E-0 I 0.0046 1.46E-0 1 

I 6.00E-02 0.01 17 6.14E-02 0.0058 -0.0226 



Table 13: Data comparison with Faddegon for Lead 

1 1 2.48E-i-00 I 0.0073 I 2.65B+00 1 0.0027 I 2.80Ec00(5.0) 
2 I 2.24E-t.00 I 0.0054 1 2.37E+QO I 0.0027 1 2.488+00(5.0) 

4 I 1.83E+00 1 0.0042 I 1.87E.r-OC) I 0.0027 I 1.998+00(5.0) 

0.006 1 6.131E-02 

Table 14: Data comparison with Facldegon for Beryllium 

0.0106 2.28E-02 0.0034 2.38E-02(5.9) 

0.0144 1.06E-02 0.0838 



Table 15: Data comparison with Faddegon for Aluminum 

0.0188 

4bnu cell I& 4bnu detect Faddegon 

3.26Ei-00 0.0026 3.42E+00(5.0) 

10 1.04E+00 H- 30 2.68E-01 

0.0075 

I 60 1 7.14E-02 
~ ~~ 

3.26E-02 0.003 2.87E-02(6.0) 1 90 I 3.28E-02 

0.0068 I 3.08E+00 I 0.0025 I 3.21E+00(5.0) I 
0.0051 I 2.70E+00 1 0.0025 I 2.78E+00(5.0) I 
0.0041 1 2.03E+00 1 0.0025 I 2.14E+00(5.0) I 
0.0035 I 1.05Ei-00 1 0.0028 I 1.06E+00(5.0) I 
0.0037 1 2.66E-01 1 0.003 I 2.65E-01(5.0) I 
0.0054 I 7.25E-02 1 0.0029 I 6.668-02(6.0) 1 
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